UNCLASSIFIED -~ = cw ©

3 060
ad \\\\\\\“\\\\\\\ﬁ\\\\s\\\\\\‘ﬂ\\\\“ 7\

IDAPAPER P-2925

N

AN EXAMINATION OF
SELECTED SOFTWARE TESTING TOOLS:
1993 SUPPLEMENT

LTIC
TR NN

““ELECTE
" S AUb 0 81994 Christine Youngblut

‘ F Bill Brykczynski, Task Leader
October 1993
94-24892
AT
Prepared for

Ballistic Missile Division Organization

f Approvad for public release, unlimited gbgm 12 g b 5 0 8 4

DTIC QUALITY TNSPECTED 8

PN

D INSTITUTE FOR DEFENSE ANALYSES
1801 N. Beauregard Street, Alexandria, Virginia 22311-1772

UNCLASSIFIED IDA Log No. HQ 83-044715

u




DEFINITIONS
10A publishes the foliowing documents 1o report the resuits of its work.

Reports d

Reports are the mest autheritative and most carstuily considered praducts DA publishes.
They normally embedy resulis of major projects whick (a) have a direct bearing on
decisions affecting major programs, (b) address issues of sigaificant concern te the
Exacutive Branch, the Congress and/er the public, or (¢) address issues that have
significant economic implications. DA Reporis are reviewed by oviside panels of experts
o ensure their high quality and relevance to the problems studied, and they ars released
by the President of IDA.

Group Reports

Group Reports record the findings and resuits of {DA established werking groups and
paneis composed of senior individuals addressing major issues which otherwise wouid be
the subject of an (DA Report. IDA Group Reporis are reviewsd by the senior individuals
responsibie for the project and others as selected by IDA 0 sasure their high gsality and
relevancs to the problems studied, and are released by the President of IDA.

Papers

Papers, aiso anthoritstive and carsfuily considersd products of IDA, address studies that
ars narvower in stope than these coversd in Reports. IDA Papers are reviswed to enswe
that they meet the high standards expected of refare::.” papers in professional journsis or
formal Agency reports.

Documents

IDA Documents are wsed Jor the convenience of the sporsors or the analysts (3) te recerd
substantive work done In quick reaction studies, (b) to record the procesdiags of
conferences and maestings, (c) ts make availabie preliminary and tentative resuits of
analyses, (d) to record dsta developed in the course of an investigation, or (o) te forward
information that is essantially unanaiyzed and wnevaiusied. The review of IDA Docsments
is suited to their content and intended use.

The work reported in this decument was conducted snder contract MDA 983 89 C 9083 for
the Depariment of Detense. The publication of this (DA decument dees not indicate
endorsament by the Department of Defenss, nor shosid the contents be construed as
raflecting the official position of that Agency.

© 1993 institute for Defenss Ansiyses

The Goverament of the United States is granted an unlimited license to reproducs this
document.




0ttt

° UNCLASSIFIED

IDA PAPER P-2925

®
AN EXAMINATION OF
SELECTED SOFTWARE TESTING TOOLS:
® 1993 SUPPLEMENT
Accesion For
. | Accesion A
NTIS CRA&I N
DNIC Al 0O
Christine Youngblut Uiiai.ounced O
Justification
Bill Brykczynski, Task Leader -
L J By ..
Distribution|
Availability Codes
Dist A"aé'p;’c'}‘a’,’ or
[
October 1993 A-|
Q@
| Appraved tor public release, unlimited diatribution: 12 May 1994,
@
A
1DA
() INSTITUTE FOR DEFENSE ANALYSES
Contract MDA 903 89 C 0003
Task T-R2-597.21
®

UNCLASSIFIED




PREFACE

This paper was prepared for the Ballistic Missile Defense Organization (BMDO) as
a follow-on effort for the Task Order “Software Testing of Strategic Defense Systems.” It
fulfills an objective of this subtask, to assist the BMDO in planning, executing, and moni-
toring software testing and evaluation research, development, and practice.

This paper is a supplement to IDA Paper P-2769, An Examination of Selected Soft-
ware Tools: 1992. It reports the results of examining another 8 static and dynamic analysis
tools in addition to the 27 testing tools originally presented in P-2769.

This paper was reviewed by Dr. Dennis Fife, a research staff member of the Institute
for Defense Analyses.




FOREWORD

This report is a continuation of IDA Paper P-2769, An Examination of Selected Soft-
ware Testing Tools: 1992 [Youngblut 1992). From Part I of P-2769, the introductory sec-
tions (Sections 1 through 3) also apply to the current report and, in the interests of space,
have not been repeated. Section 4, “Approach and Methods,” of P-2769 identified the
examined tools and the examination approach. In this update, Table 1 identifies the tools
recently examined and, for convenience, the original tool list is repeated in Table 2. An
additional trial Ada program was included to demonstrate tool capabilities for testing con-
current Ada software, the Real-Time Temperature Sensor as described by Nielsen [1988].

Table 1.Tools Examined In this IDA Study

LANGUAGES
SUPPORTED CAPABILITIES
i€ |3
TOOL NAME TOOL SUPPLIER g g % E]
(-] <
2
e g g E ;
s b g £1% 2 -] g
<ju|o|={&]& & |a
CACTS McCabe & Associates ENENEREBE] B E
Ada-ASSURED GrammaTech, Inc. v v
AdaTEST Information Processing Ltd. | ¥ N |
Battlemap® McCabe & Associates 'R EBERERER N [V
CodeBreaker McCabe & Associates R EBREBRE v
METRIC® Software Research, Inc. EBREBEBRE v
McCabe Instrumentation Tool | McCabe & Associates 'R EBEBEBEI N [N
SLICE McCabe & Associates v IV v v

a. Used with McCabe Instrumentation Tool for graphical reporting of unit coverage.
b. Used with McCabe Instrumentation Tool for graphical reporting of design subtree coverage.
¢. New component of the Software TestWorks (STW) toolset.

Sections in P-2769 on static and dynamic analysis are repeated here, extended with
information for the newly examined tools. Since these new tools did not provide explicit
support for test management or problem reporting, the corresponding sections from P-2769




have not been repeated. The findings remain unchanged and also are not repeated. Part II
presented tool and supplier profiles for the previously examined tools. This has been updat-
ed to include information on the new tools. The remainder of Part II consists of tool exam-
ination reports that supplement the examination reports provided in P-2769.

Table 2.Tools Examined in the Previous IDA Study

vi

LANGUAGES TEST
SUPPORTED CAPABILITIES
o8
HEIE
TOOL NAME TOOL SUPPLIER g 2 -g. ]
HHEHE
& ' 3 S|E
«JElElE 12|82
-3 + | e 5 4} E 3 E.
<00 = f w | a
ADADL Processor | Software Systems Design N [V v v
AdaQuest General Research Corp. v R
AutoFlow-Ada AutoCASE Technology N[V N N
DDTs QualTrak Corp. + [+ ]+ 1+ [+ v
EDSA Array Systems Computing, Inc. N N
GrafBrowse Software Systems Design NN N v
LDRA Testbed Program Analysers, Ltd. P EBRERERERE v [y
Logiscope Verilog, Inc. B EBRRE v [N
MALPAS TA Consultancy Services, Ltd. N A NN N
Metrics Manager Computer Power Group, Inc. + I+ [+ ]+ ]+ ¥+
QES/Manager Quality Engineering Software,Inc. J + |+ J+ |+ | + N
QualGen Software Systems Design NIy v N
S-TCAT Software Research, Inc. N Y R ER v
SQA:Manager Software Quality Automation + |+ J+ J+ 1T+
SRE Toolkit Software Quality Engineering + |+ ]+1+1+]0Y
SoftTest Bender & Associates + |+ {1+ 1+ |+ v
T Programming Environments,Inc. §+ [+ [+ [+ | + v
T-PLAN Software Quality Assurance, Ltd. f+ [+ {+ [+ [+ F ¥ |V
TBGEN Testwell Oy B REE N
TCAT Software Research, Inc. A ERERERER N[
TCAT-PATH Software Research, Inc. VEBERERE N[
TCMON Testwell Oy N[V Y v
TDGen Software Research, Inc. + |+ |+ |+ |+ N
TSCOPE Software Research, Inc. + J+ 1+ |+ |+ N |
TST STARS Foundation Repository ) ERER
Test/Cycle Computer Power Group, Inc. + J+ J+ 1+ ]+ 011y
TestGen Software Systems Design N | Y ERE
+ - Language independent
F - Future capability
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PART 1
STUDY OVERVIEW




7. STATIC ANALYSIS

Static analysis is used to determine the presence or absence of particular, limited
classes of errors, to produce certain kinds of software documentation, and to assess various
characteristics of software quality. Unlike dynamic analysis, static analysis can sometimes
be performed on incomplete or partly development products and does not necessitate costly
test environments. It cannot, however, replace dynamic analysis, although it can be used to
guide and focus dynamic testing. Previously, Table 1-1 and Table 1-2 identified 19 tools as
supporting static analysis. The functions provided by these tools are summarized in Table
7-1. (For convenience, this and all subsequent tables use shading to highlight the newly
examined tools.)

7.1  Complexity Analysis

Complexity measures can be put to various test-related uses. McCabe [1982] has
developed a method, Structured Testing, that uses cyclomatic complexity to guide the
selection of a minimum set of required paths to test. Complexity measures are also used to
estimate the number of defects present in a piece of software, to identify pieces of code that
are potentially defective, and to estimate needed development effort.

Models for estimating program complexity have been based on various character-
istics of software structure and semantics. The best-known set of complexity measures are
all applied at the program unit level. They are McCabe’s cyclomatic complexity metrics
and Halstead’s software science metrics [1977]. Whereas cyclomatic complexity is control
oriented, the Halstead metrics are text oriented. As well as variations on each of these mea-
sures, there are many other unit-level measures. In contrast, relatively few measures for
assessing design-level complexity have been proposed. Perhaps the most common design-
level measures are those developed by Mohanty [1976] that are based on a call graph and
basic subtrees, a variation on cyclomatic complexity. Measures for assessing requirements
complexity are similarly scarce and not supported by any of the examined tools. Table 7-2
identifies the different types of complexity measures that are provided.




Table 7-1. Static Analysis Capabilliities of Examined Tools

TOOL NAME

Data Flow Analysis
Structure Analysis
Path Analysis
Code Statistics
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Analysis
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Twenty years of theoretical and empirical evaluations have failed to produce con-
sistent, hard evidence of the accuracy of particular measures or on the respective value of
other measures. Consequently, these measures should be used as indicators rather than as
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absolute measures of software properties.

F - Future capability




Table 7-2. Supported Complexity Measures
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7.2  Data Flow Analysis

Data flow analysis is based on consideration of the sequences of events that occur
along the various paths through a program. It is used to detect data flow anomalies, of which
three types are commonly recognized: (1) a variable whose value is undefined is refer-
enced, (2) a defined variable is redefined before it is referenced, or (3) a defined variable is
undefined before it is referenced. While the first of these indicates an actual program defect,
the second and third types of anomaly may indicate questionable variable use rather than
specific defects.

Since the analysis technique assumes that all paths through the program are feasi-
ble, some reported anomalies may be superfluous. Data flow analysis also can be used to
categorize procedure parameters as referenced only, defined only, both defined and refer-
enced, or not used.

LDRA Testbed, MALPAS, and EDSA support static data flow analysis. LDRA
Testbed performs weak data flow analysis to identify data flow anomalies of the types men-




tioned above. It also analyzes procedures calls across procedure boundaries to report on
procedure parameter use. MALPAS refines the classification of data flow anomalies. For
example, a data variable that is redefined before it is referenced may be classified as either
an instance where data is written twice without an intervening read, or as data being written
with no subsequent access on a given path. Given a list of procedure input and output
parameters, MALPAS compares these with the classes of data to produce a table of possible
errors. EDSA uses interactive data flow analysis to facilitate program browsing.

7.3  Control Flow Analysis

Control flow analysis is a process of examining a program structure and ide- 'fving
major features such as entry and exit points, loops, unreachable code, and paths : ha
program. This information can be used to determine program complexity and to aid u: plan-
ning a dynamic test strategy. It can help to decide on strategies for further analysis, for
example, to identify where it might be beneficial to partition the code to reduce the number
of paths and, hence, facilitate semantic analysis. The results of control flow analysis can
also be used to prepare a diagram of the program structure that can aid a user in document-
ing and understanding a piece of software.

Control flow analysis is provided by the majority of tools that support static analy-
sis. MALPAS, TestGen, LDRA Testbed, and the TCAT family all report on unreachable
paths. These may be generated as a result of program syntax, for example, as a result of end
if statements, or the position of a return statement. Even though they do not necessarily
imply a defect, the occurrence of unreachable paths should be checked. Some of the exam-
ined tools go farther. LDRA Testbed, for example, also reports on unreachable branches
and other structural units.

Several of the tools use control flow analysis to generate a graphical representation
of a program’s structure as a logical flow chart or directed graph. This allows visual inspec-
tion of program structure and complexity, and can facilitate program understanding at the
unit level. ACT, AutoFlow-Ada, Battlemap, LDRA Testbed, Logiscope, TCAT, and TCAT-
PATH all generate fairly sophisticated graphs of a program’s structure. AutoFlow-Ada, in
particular, provides a user with considerable flexibility in generating a high-quality graph-
ical flow chart. TestGen uses textual facilities to produce a more primitive graph. Although
MALPAS does not directly produce a directed graph, its list of nodes, with identification of
successor and predecessor nodes, helps a user to draw this graph. Graphical representation
of the calling relationship between program units also facilitates program understanding.




Battlemap, GfafBrowsc, LDRA Testbed, Logiscope, and S-TCAT generate call graphs or
call trees.

The identification of paths through a program is useful for estimating the resources
needed for dynamic analysis and then guiding this testing. ACT, AdaQuest, LDRA Testbed,
Logiscope, MALPAS, TCAT-PATH, TST, and TestGen all provide this capability. Even
more useful, ACT, LDRA Testbed, Logiscope, and TestGen explicitly identify the values
of logical conditions necessary to cause particular paths to be followed (in the case of ACT,
these are the set of paths required for McCabe’s Structured Testing method). Battlemap
identifies the design subtrees that form the integration structure of a program and also the
values of logical conditions necessary to cause particular subtrees to be followed (in this
case, the tool distinguishes between the full set of design subtrees and the more limited set
of cyclomatic subtrees).

ACT, AdaTEST, Battlemap, Logiscope, METRIC, TCAT, TCAT-PATH, and S-
TCAT report on various code statistics. These statistics range from measures such as the
total number of dynamic memory allocations, to measures of the average, minimum, and
maximum path length. EDSA provides interactive control flow analysis to facilitate brows-

ing along program paths.

MALPAS, LDRA Testbed, and Logiscope perform structure analysis to verify a
program’s conformance to the principles of structured programming. Here LDRA Testbed
matches templates of acceptable structures with the directed graph of a program on a mod-
ule by module basis. Matching structures are successively collapsed to a single node until
either a single node is left, indicating a structured program, or an irreducible state, indicat-
ing an unstructured program. MALPAS and Logiscope perform a similar reduction to eval-
uate the structure.

CodeBreaker is unusual in that it is designed to serve a single purpose. It uses struc-
ture analysis to compare the design structures of two (sub)programs or to compare the con-
trol structures of two individual modules. Any discrepancies between the two are identified.

7.4 Information Flow Analysis

Information flow analysis is used to examine program variable interdependencies.
This helps to isolate inadvertent or unwanted dependencies, to indicate how a program can
be broken down into subprograms, and to identify the scope of program changes. For secu-
rity applications, it can be used to aid the identification of spurious or unknown code. Addi-




tionally, it supports dynamic testing by identifying which inputs need to be exercised to
affect which outputs.

Both LDRA Testbed and MALPAS provide this capability. Currently LDRA Test-
bed is limited to identifying backward dependencies on a procedure by procedure basis and
characterizes variables as strongly or weakly dependent. Future versions of LDRA Testbed
will include forward dependencies to identify variables that can be affected by a particular
input variable. It will also support information flow dependence assertions to allow com-
parison of expected dependencies with actual dependencies.

MALPAS identifies all of a program’s inputs and examines each executable path to
identify dependencies for each output variable. These dependencies include the input vari-
ables, constants, and conditional statements on which it depends. It reports on program unit
inputs and outputs, which may be more than those passed as parameters. MALPAS also
identifies redundant statements.

7.5  Standards Conformance Analysis

Auditors are used to check the conformance of a program to a set of standards. For
Ballistic Missile Defense (BMD) software, the Software Productivity Consortium (SPC)
Ada Quality and Style: Guidelines for Professional Programmers [SPC 1991] defines the
required standards. Ada-ASSURED supports these guidelines, as does ADAMAT, dis-
cussed in the Ballistic Missile Defense Organization (BMDO) Computer Resources Work-
ing Group (CRWG) study.

LDRA Testbed checks conformance to a set of standards of interest to the program-
ming community; this includes much of the Safe Ada Subset. Individual standards can be
disabled and the user can weight particular standards or specify acceptance limits, where
appropriate. TST reports on conformance to a set of portability standards.

7.6  Quality Analysis
As already mentioned, several tools report on particular quality characteristics such

as complexity and compliance with standards. There are, however, many other quality
characteristics that provide insight into code maintainability and portability, for example.

One of the examined tools, Logiscope, employs the Rome Air Development Center
(RADC) quality metrics model to allow user-defined quality measurement at three levels
of abstraction [RADC 1983]. At the lowest level of the model, the user can defined upper
and lower bounds for a predefined set of primitive metrics. Logiscope distinguishes




between unit-lével metrics and architectural metrics, reporting on both. The user can then
specify algorithms to weight and combine the primitive metrics into composite metrics.
These composite metrics are, in turn, used to define quality criteria that allow classifying
components as, for example, accepted or rejected, based on their computed quality values.

QualGen analyses both design and code complexity and currently interfaces with
Lotus 1-2-3 for quality reporting. It provides some 200 primitive metrics which, via Lotus,
can be combined into user-defined higher level measures. AJaTEST provides a similar
facility through the use of.csv files. Software Systems Design, the developer of QualGen,
is currently mapping the correspondence of QualGen metrics to the SPC Ada style guide.

7.7  Cross-Reference Analysis

The information acquired from cross-referencing program entities serves many pur-
poses. Perhaps one of the most important of these is identifying the scope of a program
change or aiding in the diagnosis of a software failure.

The ADADL Processor provides extensive cross-referencing capabilities. It reports
on the cross-referencing between program units, objects, and types. It also reports on the
occurrence of with and pragma statements; the occurrence of interrupts, exceptions, and
generic instantiations; and the use of program unit renaming. LDRA Testbed cross-refer-
ences all data items and classifies them as global, local, or parameter and also cross-refer-
ences procedure usage. METRIC identifies all generic units, the number of times they are
instantiated, and the instantiating unit. Through its browsing capabilitics, EDSA provides
interactive cross-referencing of data items and Ada objects. Battlemap cross-references
program units in terms of their calls-to and called-by relationships, it also provides context
and index listings to identify the files in which particular units are stored.

7.8  Browsing

A browser facilitates program understanding by allowing the user to create and
present different views of the software. This may include views that show the same piece
of software at different stages of development and views that omit some information in
order to focus oi other details. A browser also may provide the user with the ability to fol-
low the control flow or data flow. These capabilities may be used for several purposes, for
example, to aid in reviewing a program or in diagnosing the cause of a software failure.

EDSA focuses on browsing source code at the unit level; it allows browsing for-
ward or backward via data flow or control flow. The user can construct views that suppress




or omit irrelevant code details to help the user to focus on the concern at hand. Special
annotations are available to keep track of the progress of formal code verification. Ada-
ASSURED provides similar capabilities with navigation based on control structure. Graf-
Browse chiefly operates at the integration level. Here the user can move through graphical
invocation hierarchies (or declaration or call-by hierarchies), pulling up the relevant pieces
of code as required. Battlemap and the TCAT family of coverage analyzers also allow mov-
ing between graphical depictions of program and module structure and the associated
source code.

Although not examined in the course of this work, the new version of Logiscope
also supports source code browsing.

7.9  Symbolic Evaluation

This type of static semantic analysis provides a more complete examination of a
program’s operation. Instead of actual input data, symbols such as variable names are used
to simulate program execution. This allows the reporting of the mathematical relationships
between inputs and outputs for each semantically possible path. It has three primary uses.
The relationships can be compared against a program specification to check for consisten-
cy. The identified path condition, together with the expression detailing the set or range of
input data which causes this path to be executed, supports test data generation. Finally, the
relationships can aid in determination of the expected output for a set of test data. Only
MALPAS provides this very useful capability.

7.10 Specification Compliance Analysis

Specification compliance analysis takes semantic analysis a step further by auto-
matically comparing a program against its formal specification to identify deviations. This
type of analysis is very powerful, but requires additional work on the behalf of the user.

Here again, MALPAS was the only examined tool that provides this capability. It
requires program specification details to be embedded in its intermediate language. (These
details may already be available if a formal specification language such as Z or the Vienna
Development Method (VDM) is used in the development effort.) The output of the compli-
ance analyzer is a set of threat statements that, if the program does not meet the specifica-
tion, presents the relationships between inputs that cause a deviation to occur.
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7.11 Pretty Printing
A useful documentation capability, pretty printing is provided by the ADADL Pro-
cessor, Ada-ASSURED, AutoFlow-Ada, Battlemap, EDSA, LDRA Testbed, and TST.
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8. DYNAMIC ANALYSIS

This section reports on the capabilities provided by the examined tools for dynamic
analysis where software is evaluated based on its behavior during execution. Dynamic anal-
ysis is the primary method for validating and verifying software. Additionally, it is the
source of much of the information uszd in monitoring testing progress and software quality.
Traditionally an unstructured and labor-intensive activity, dynamic analysis is a significant
cost driver. Table 8-1 identifies the particular functionality provided by the examined tools.

8.1  Assertion Analysis

An assertion is a logical expression specifying a program state that must exist, or a
set of conditions that program variables must satisfy, at a particular point during program
execution. Assertion analysis is used to determine whether program execution is proceed-
ing as intended. In some cases, it may be desirable to leave assertions permanently in the
code to provide a self-checking capability. When present in code, even if commented out,
assertions can provide valuable documentation of intent.

Of the examined tools, only LDRA Testbed currently supports dynamic assertion
analysis. Assertions are embedded in Ada comments and can be used to (1) specify pre- and
post-conditions for a section of code, (2) check whether inputs satisfy pre-determined rang-
es, and (3) check whether loop and array indices are within bounds. Should any assertion
fail, a user-tailorable failure handling routine is executed. Assertion checking can be
switched on or off, allowing assertions to remain permanently in the code.

82  Coverage Analysis

Coverage analysis is the process of determining whether particular parts of a pro-
gram have been exercised. Its importance is illustrated by academic studies and the expe-
rience of the software testing industry that have shown that the average testing group that
does not use a coverage analyzer exercises only 50% of the logical program structure. As
much as half the code is untested and therefore many errors may go undetected at the time
of release.

13




Table 8-1. Dynamic Analysis Capabliities of Examined Tools
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a. Used with TCAT, TCAT-PATH, or S-TCAT to animate coverage results.
b. Used with McCabe Instrumentation Tool for graphical reporting of unit coverage.
¢. Used with McCabe Instrumentation Tool for graphical reporting of design subtree coverage.

F - Future capability

By identifying those parts of a program that have not yet been executed, a coverage
analyzer can help to ensure that all code is exercised, thus increasing confidence in correct
software operation. By measuring the coverage achieved during execution with particular
set(s) of test data, these tools also provide a quantitative measure of test completeness.
Some tools also aid in determining the test data needed to increase the coverage. Although
coverage analyzers do not directly measure software correctness, they are valuable tools for
guiding the testing process and monitoring its progress.
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There are two basic types of coverage analyzers. Intrusive analyzers instrument
code with special statements, called probes, that record the execution of a particular struc-
tural program element. The addition of extra code in the program incurs both a size and tim-
ing overhead. The alternative, non-intrusive analyzers, requires special hardware and is not
addressed in this report.

8.2.1 Structural Coverage Analysis

Several levels of structural test coverage have been proposed. The basic levels for
unit testing are statement, branch, and path coverage which require, respectively, each
statement, branch, or path to be executed at least once. These coverage levels impose
increasingly stringent levels of testing with statement coverage being the weakest and path
coverage the strongest. Since path coverage can be difficult to achieve, various additional
levels that lie between branch and path coverage have been proposed. The best known of
these additional levels are McCabe’s Structured Testing and Linear Code Sequence and
Jumps (LCSAIJs) [Hennell 1976].

Although unit-level measures can be applied during integration and system testing,
they do not provide the additional information that is pertinent at these levels. During inte-
gration testing, for example, a measure of the extent to which the relationships between
calling and called units has been executed is useful. Functional measures provide a more
appropriate measure of test coverage for system testing (see Section 8.2.3).

Table 8-2 summarizes the structural coverage analysis features of the examined
tools. As shown in this table, the examined tools vary considerably in the support they pro-
vide. The requirements for a test driver to execute the instrumented program an example of
one of these differences. LDRA Testbed and TCMON automatically generate this test driv-
er, as does TestGen under certain circumstances. The generated test drivers also differ. For
example, TCMON provides a command-driven test driver that allows the user to explicitly
control the handling of generated trace files. Where necessary, both LDRA Testbed and
TCMON allow special actions so that this interface can be omitted. There are other signif-
icant differences. For example, LDRA Testbed provides different handling of trace data to
support host and target testing. It also separates out the data collected from a concurrent
program to allow separate reporting for each task. AdaTEST provides an example of anoth-
er significant difference between these tools; it performs coverage analysis at test execution
time, obviating the need for post-processing of large trace files.

15




8.2.2 Data Flow Coverage Analysis

Data flow coverage has been proposed as another measure of test data adequacy.
While the traditional structural coverage testing approach is based on the concept that all
of the code must be executed to have confidence in its correct operation, data flow testing
is based on the concept that all of the program variables must be exercised.

While there are several tools that provide this capability for C programs, production
quality tools for data flow testing of Ada code are not yet available. The data flow testing
capability of LDRA Testbed, however, is currently under beta testing and AdaTEST is
expected to provide this capability in the near future.

Table 8-2. Structural Coverage Analysis Characteristics
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a. Used with TCAT, TCAT-PATH, or S-TCAT to animate coverage resulits.
b. Used with McCabe Instrumentation Tool for graphical reporting of unit coverage.
¢. Used with McCabe Instrumentation Tool for graphical reporting of design subtree coverage.

F - Future capability

8.2.3 Functional Coverage Analysis

Functional coverage, sometimes called requirements coverage, provides a measure -
of the extent to which tests have caused execution of the functions that the software is
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required to perform. Unlike structural tests, functional tests can determine problems such
as the absence of needed code.

Two of the examined tools assess the functional coverage of tests. SoftTest provides
a measure of test adequacy in terms of the number of tested functional variations with
respect to the number of those testable. T provides a measure of test adequacy based on
requirements coverage using user specified pass/fail results. An additional test comprehen-
siveness measure considers requirements coverage, input domain coverage, output range
coverage and, optionally, structural coverage, where each factor can be user weighted.

8.3 Profiling

Profiling provides a trace of the flow of control during software execution. This
information can aid in locating the cause of a failure and the position of the associated
defect. Of the examined tools, AdaTEST, LDRA Testbed, and TST provide this capability
as an optional feature. AJaTEST allows the user to specify the level of tracing required.
The user can request tracing of unit calls, tracing of decision calls, or full tracing at the
statement level. LDRA Testbed and TST provide statement level tracing. In the case of
LDRA Testbed, however, the Testbed may override the user request if the resulting display
exceeds a preset limit. SLICE operates in conjunction with the McCabe Instrumentation
Tool and Battlemap to identify, both textually and graphically, the particular program ele-
ments exercised during a program execution in one or more program units. AdaTEST
allows the user to specify the level of tracing required. The user can request tracing of unit
calls, tracing of decision calls, or full tracing at the statement level.

In general, the majority of computing time is incurred by only a few program seg-
ments. This may be because these segments are called frequently, are computationally
intensive, or both. When a program needs to be optimized, therefore, it is more efficient to
start by identifying where the majority of computing time is spent so that the optimization
effort can be appropriately focused. Information on the number of times particular program
segments are executed can aid this determination. The coverage analysis tools all give the
number of times examined program elements are executed; some additionally identify the
number of times each program unit is invoked.

8.4 Timing Analysis
Timing analysis serves several purposes. These range from supporting the valida-

tion of requirements that impose specific timing constraints on software functions to iden-
tifying particular program units that consume a significant proportion of computing time.
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Adancst, AdaTEST, and TCMON provide timing analysis. Both AdaQuest and
TCMON offer the flexibility of user-specified placement of timers, and measurement using
either clock or wall time. TCMON additionally allows a user to request automatic timer
instrumentation at the program unit level. This tool reports on the placement of timers (and
any counters used for structural coverage analysis) to provide information that can be used
to estimate the influence of instrumentation statements on measured time. AdaTEST pro-
vides the user the capability to start, stop, and reset a timer that captures execution time to
the resolution of the Ada CALENDAR.CLOCK.

8.5 Test Bed Generation

Unit and integration testing require the ability to invoke the appropriate modules,
passing necessary inputs and capturing the actual outputs so that they can be compared
against expected outputs. Integration testing may proceed in either a top-down or bottom-
up manner. Top-down testing starts with the most abstract, or high-level modules, and
requires the use of stubs to represent those modules called by the module under test. In bot-
tom-up testing, the most detailed, or lower-level, modules are tested first. Here test drivers
are required to simulate the modules that invoke the modules under test. Development of
such test drivers and stubs can be complex and greatly facilitated by automated support. In
addition to eliminating the need for much manual labor, automatic generation also pro-
motes a standardized testing environment.

LDRA Testbed, TCMON, and TestGen all generate the test drivers needed for exe-
cution of an instrumented program. These are, however, very limited drivers primarily
intended to handle the trace files used to collect coverage details. Of the examined tools,
AdaTEST, TBGEN, and TST are the only ones that provide test control via some form of
command language, and only AJaTEST and TBGEN support stub generation. Table 8-3
summarizes the test bed generation characteristics of these three tools.

8.6 Test Data Generation Support

Dynamic analysis requires software to be executed with a set of test data. The
resulting outputs are then captured and compared with the outputs expected for the given
input data. The traditionally manual and labor-intensive method of preparing test data has
typically limited the extent of testing. Although the available tools do not totally replace
the human effort required, they can make a substantial reduction to the amount of human
labor needed.

18




Table 8-3. Test Bed Generation Characteristics
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As mentioned above, dynamic analysis requires comparing expected results against
actual results to determine the success or failure of a test. Determining expected results is
another traditionally manual and difficult task. Research into tools, called oracles, to auto-
mate this task has been ongoing for many years. As yet, however, symbolic evaluators (see
Section 7.9) come the closest to supporting this capability.

8.6.1 Structural Test Data Generation

During testing, there are occasions where it is necessary to determ:ne the test data
that will cause a specific branch or path to be executed. This occurs, for example, when it
is necessary to attain a specified level of structural coverage and existing test data has not
executed some structural elements.

Support for this activity is available at two levels. AdaQuest and TCAT explicitly
identify the program segments that comprise particular program branches and paths. LDRA
Testbed, Logiscope, TCAT-PATH, and TestGen provide the same information and, addi-
tionally, explicitly identify the conditions required to cause each structural element to be
executed.

8.6.2 Functional Test Data Generation

Functional tests can be derived from a requirements specification using three cate-
gories of methods: (1) algorithmic techniques such as cause-effect graphing, equivalence
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class partitioning, and boundary value analysis; (2) heuristic techniques including fault
directed testing and the traditional error guessing; and (3) random techniques that employ

random generation of test data.

T supports all these techniques. Additionally, it is capable of incremental test data
generation, that is, tests can be generated for software changes only. T is the only examined
tool that produces test data values ready for immediate use in testing.

SoftTest supports cause-effect graphing to compile a database of input conditions
for each unique function. The user then works from these conditions to determine the nec-
essary test data. In those cases where identified functions are not directly testable, for exam-
ple, because results produced by one function may be obscured by other functions, SoftTest
identifies intermediate results that, if observable, would enable otherwise obscured func-
tions to be tested.

8.6.3 Parameter Test Data Generation

Thorough test coverage at the integration level requires that each subprogram be
executed over a range of parameter values. Of the examined tools, only TST provides auto-
mated generation of test data for certain types of subprogram parameters. This generation
occurs in one of two forms. The user can specify that all possible values for a parameter be
generated (or first and last values for floating point numbers). Alternatively, the user can
request that these values are divided into a number of partitions and that the first, middle,
and last values from each partition be selected.

8.6.4 Grammar-based Test Data Generation

In those cases when the test data is simply structured, and this structure is amenable
to description, grammar-based test data generation allows rapid, automated generation of
large amounts of test data. This capability is particularly useful in random testing.

TDGen provides this functionality. Test data is generated according to location-spe-
cific data, uniformly distributed data, or value-factored data. TDGen can generate data ran-
domly, sequentially, or according to a user specification.

8.7  Test Data Analysis

Two types of test data analysis are considered here. In the first case, test data sets
are analyzed to identify which test data sets execute which lines of code. When particular
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lines of code are changed, this information shows which test data sets are affected by the
change and must be rerun. The second type of test data analysis detects and reports on
redundant test data sets. This identifies test data sets that are essentially equivalent in effect
and, therefore, can be eliminated to reduce testing cost without affecting test effectiveness.

LDRA Testbed is the only identified tool that supports these capabilities. The anal-
yses are performed on data collected during structural coverage analysis.

8.8 Dynamic Graph Generation

A visual representation of the execution flow of a program can aid in understanding
that program and diagnosing the cause of failures. ACT provides this capability at the unit
level, whereas Battlemap, LDRA Testbed, and Logiscope provide it at both the unit and
integration levels. TSCOPE uses the outputs of TCAT or TCAT-PATH to animate the exe-
cution coverage on a directed graph; and the output of S-TCAT can be used to animate cov-
erage on a call tree representation of the program under test. SLICE uses the outputs of the
McCabe Instrumentation Tool and Battlemap to highlight the path taken by a particular
execution.
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PART 11
TOOL EXAMINATION REPORTS
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10. INTRODUCTION

This part of the report describes the selected tools in terms of their usage. Tools are
grouped by supplier and the report details the operating environment and the functionality
provided. Where applicable, price information, accurate at the time of examination, is also
included. Each description is supported with observations on ease of use, documentation
and user support, and Ada restrictions. Problems encountered during the examinations pro-
vided insight into the reliability and robustness of each tool. Each description is accompa-
nied by sample outputs.

Table 10-1 summarizes the details given for each tool. It also identifies available
bridges between testing tools and CASE systems. Table 10-2 presents relevant supplier
data.
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29. Ada-ASSURED

Ada-ASSURED is a set of multi-window, language-sensitive editors that analyze
the compliance of code with the Ada Quality and Style Guidelines [SPC 1991} recommend-
ed by the Ada Joint Program Office and included in the BMDO Software Standards. Addi-
tionally, the toolset provides for program browsing and program reformatting.

29.1 Tool Overview

Ada-ASSURED was developed by GrammaTech and Loral Aerospace Corpora-
tion. The first version of this toolset, version 1.0, became available in November 1992, It
runs under Unix and X11 Windows, with Motif and OpenWindows, on a variety of com-
puters including the Sun SPARCstation, DECstation, HP 9000, and IBM RISC System/
6000.

The evaluation was performed on Ada-ASSURED version 1.0 running on a Sun
SPARCstation under Unix with OpenWindows. At the time of evaluation, the price for
Ada-ASSURED started at $1,495.

Ada-ASSURED consists of three Ada language-sensitive editors:

» Ada Editor. Ensures syntactic correctness and consistent source code format-
ting.

¢ Ada Style-Enforcement Editor. Extends the Ada Editor with compliance check-
ing against the SPC Ada Quality and Style Guidelines.

« ADL! Enforcement Editor. Extends the Ada Style-Enforcement Editor with
language-sensitive editing of ADL and checking the consistency of Ada code
with ADL constructs embedded as comments.

1 ADL is an Ada program design and documentation language developed by the Loral Aerospace Corpora- -
tion.
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The examination focused on the style compliance and browsing functions of Ada-
ASSURED, that is, the Ada Style-Enforcement Editor. Its capability as a language-sensi-
tive editor was not examined, neither was its support for ADL.

The Ada Style-Enforcement Editor manipulates objects that are structured accord-
ing to the grammatical rules of a particular language. The editor contains grammatical rules
for several different languages including Ada and the language of hypertext cards. Each
object is typed according to its linguistic categary, called a phylum. The editor enforces the
grammatical rules that describe permissible combinations of objects for the relevant phy-
lum. Objects are browsed and edited in buffers, each associated with a particular phylum.
Buffers themselves are associated with external files which may be files being edited or
defined buffers that provide, for example, cditing templates. Objects consist of phrases and
while the structure contained in a buffer is a syntactically well-formed object of the phy-
lum, it may contain phrases of unparsed text known as text buffers. It may also contain
placeholders, that is, phrases that describe the phylum permitted or required at a given posi-
tion.

Buffers are presented in textual views where each view is associated with a distinct
collection of pretty printing rules. Views may differ radically, for example, including or
excluding in-line error messages. Possible views include the following:

» Baseview. This is the default view and it contains a view of the object as defined
in the enforcement parameters. Errors can appear in-line.

e Ada only. This is a view of the object as an Ada program with no style enforce-
ment.

* Ada enforcement errors. This is a view containing enforcement error messages
and terms that are considered placeholders.

e Ada-only errors. A view that displays errors detected in the Ada and placeholder
terms.

e Ada enforcement indicators. Displays the enforcement parameters that are in
effect, erforcement indicators, error messages, and placeholder terms.

Within a view, each phrase has a principal and other optional pretty printing
schemes which govern how that phrase is displayed. Alternate pretty printing schemes

allow, for example, elison where a phrase is displayed as “ ... ”” and its detailed text is hid-
den.
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A standard window has the typical title bar and menu bar. It also contains a message
pane that presents error and advisory messages, an object pane displaying the object con-
tained in a buffer, and context pane displaying context-sensitive status information and
commands. Windows can be switched between views and buffers, and they can be dupli-
cated and deleted.

Traditional window-type navigation such as using the insertion cursor, a locator
such as a mouse, and scrolling are supported. Each object has a structural selection that
identifies the current focus of structural edit operations and Ada-ASSURED also provides
for navigation with structural selection. (Each buffer has only cne structural selection
regardless of the number of windows, the structural selection is updated in all windows dis-
playing the buffer.) In this last type of navigation, the currently selected structure in the
buffer can be moved relative to its current location using various treewalking regimes, for
example, preorder, reverse preorder, ascend-to-parent, forward-sibling, and struct-select-
to-top. These can be used to quickly find, for example, the next item in list. All commands
that move the structural selection are parser-initiating. This means that text is (re)parsed if
the text buffer has been modified since the last attempt to parse it, the target location is
beyond the end of the text buffer, auto-parsing mode is enabled, or the current structural
selection is a text buffer.

Parsing establishes the syntactic correctness of text buffers. As just mentioned, it
can be invoked automatically by parsing-initiating commands when the auto-parsing mode
is enabled, or it can be invoked manually. In addition to ensuring conformance to Ada syn-
tax, parsing causes the Ada Style-Enforcement Editor to analyze Ada code with respect to
the SPC Ada Quality and Style Guidelines. The automatic formatting provided by the lan-
guage-sensitive editor means that some of these guidelines are automatically enforced;
including, for example, horizontal spacing and indentation. Otherwise, the user can set
enforcement parameters to enable or disable the enforcement of individual style guidelines.
When a parameter is changed, the user can choose to apply it immediately to the current
buffer.

Ada-ASSURED provides two levels of enforcement: indicators and errors. In gen-
eral, indicators are used to signify guideline violations that are not considered critical; they
can be treated as warnings and only appear in a special indicator view. Errors, on the other
hand, denote more serious guideline violations that should not be ignored and they shown
within the code as in-line error messages contained in comments. In some cases, when a
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guideline is violated, Ada-ASSURED offers an automatic transformation to bring the code
into compliance.

A script interpreter provides the ability to invoke Ada-ASSURED editors, cither
interactively or in batch mode, with a script of commands. This capability allows the user
to provide new compound editing actions that extend the functionality of the editor, to
invoke an initialization script on start up to customize editor operation, and to define their
own templates which can be used to replace appropriate placeholders. It also allows editors
to serve as batch tools such as pretty printers and program analyzers. (An editor running in
batch mode does not start up any windows, the result of interpreting a script is printed to a
special buffer *transcript*.) Scripts are written in a language called Dynamic SSL and con-
sist of function definitions that may invoke built-in library functions and commands. INT,
REAL, BOOL, CHAR, and TOK are provided as primitive phyla and all editing functions
are available as built-in primitive functions. A special script editor with a complete set of
parsing rules and transformations is available to support their creation and maintenance.
This editor also provides special commands that allow scripts to be interpreted from within
the editor.

29.2 Observations

Ease of use. Ada-ASSURED uses on-line hypertext to provide context-sensitive
help and a cross-reference to the Ada Language Reference Manual. Additional aid for the
user is provided through facilities such as a file-and-directory browser that can be used with
commands that read and write files to assist in locating file names of interest.

The hypertext help can be extended by preparing additional hypertext cards and
linking them into the basic hypertext web. The standard X resource interface can be cus-
tomized to affect, for example, key bindings and type face. Menus are available to adjust
window layout and features such as wordwrap. There are several levels of customization
available for the editors. Editor style can be adjusted, for example, via the style templates
associated with each editor. Style is defined in terms of font, size, slant, weight, and color.
Styles are derived by successively applying templates to the default style, itself generated
by applying the default template to a root style that is generated when the editor is invoked.
The following styles are provided with Ada-ASSURED and can be customized: Back-
ground, Comment, Error, Indicator, Keyword, and Placeholder. Dynamic SSL provides
another method for customizing an editor through interpreted scripts. Alternatively, the
user can exploit the fact that Ada-ASSURED is itself generated by GrammaTech'’s Synthe- .
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sizer Generator from a high-level, rule-based description. By modifying this description the
language-sensitive editor generator allows rapid production of a customized editor.

Documentation and user support. A reference manual is available on-line as a
web of hypertext cards. An on-line tutorial is provided that uses these cards.

Ada restrictions. None.

Problems encountered. The only problem encountered was in running one of the
sample Dynamic SSL scripts that were provided. This script contained an error that needed
correction. Otherwise, Ada-ASSURED performed as described in the documentation.

29.3 Planned Additions

Subsequent to this review, GrammaTech have released Ada-ASSURED version 1.2
This new version provides facilities for integration with any compiler. Future versions of
Ada-ASSURED will provide the capability for semantic browsing and integration with tool
managers.

294 Sample Outputs
Figures 29-1 through 29-6 provide sample outputs from Ada-ASSURED.
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Figure 29-3. Ada-ASSURED Indicators vs. Errors
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Figure 29-4. Ada-ASSURED Enforcement Indicators
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Figure 29-6. Ada-ASSURED Automatic Error Correction
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30. AdaTEST

AdaTEST consists of three components: the AdaTEST Hamess (ATH), the AdaT-
EST Analyser (ATA), and the AdaTEST Instrumentor (ATI). It supports unit testing and
bottom-up testing of Ada code. ATH is a library of Ada packages that provide facilities to
write a test script that supports white box testing of Ada program units. It passes data to the
unit under test and allows the user to check the results of the unit, including the correct
propagation of exceptions. ATH also supports simulating the interaction between the unit
under test and other (perhaps undeveloped) units and, finally, verifying that run-time per-
formance requirements are met. ATI provides static analysis to calculate code complexity
of the unit under test. It also instruments the code to provide statement, decision, boolean
expression, exception, and call coverage. Finally, ATA is another library of Ada packages
that allows testing the instrumented unit in the same way as ATH packages, and addition-
ally reporting on the static and coverage analyses. ATA also supports tracing the path of
execution through the unit under test.

AdaTEST was developed for use in the high-integrity/safety-critical development
arena. Accordingly, ATH, the core of AJaTEST, was developed as a safety-critical devel-
opment in its own right, using the same standard specified for use in the Eurojet project
(part of the European Fighter Aircraft project). The remainder of AJaTEST was developed
to IPL’s usual development standards, including ISO 19001.

30.1 Tool Overview

AdaTEST was developed by Information Processing Limited in Bath, England. IPL
also provide training, consultancy, and hot-line support to tool users. They have recently
established a relationship with a U.S. company, Texel & Co., who will market and support
AdaTEST in this country. AJaTEST was first marketed in 1991 and is now used at more
than 15 sites internationally. It is machine and operating system independent, relying only
on the available Ada compiler. The examination was performed on AJaTEST Hamess
(ATH) version 2.3, AdaTEST Analysis (ATA) version 2.1, and AdaTEST Instrumentor
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(ATT) version 2.1. These ran on a Sun-3 workstation under a Verdix Ada Development Sys-
tem. At that time, the price for AdaTEST started at £9,500.

30.1.1 ATH Overview

The user begins with AdaTEST by using the library of packages that constitute ATH
to construct a test script. This test script will act as a main procedure and invoke the unit
under test. Consequently, a test script is compiled and linked as a normal Ada main pro-
gram, and changes to the test script only require its recompilation and the relinking of the
program; the software under test is unaffected.

ATH provides a number of directives that are used in the test script to control the
invocation of the unit under test and to check its results. The structure of the test script, and
placement of directives, is governed by two state machines: the script state machine and the
timer state machine. If the user causes a directive to be called from an inappropriate state,
a script error is generated and the test fails. (A set of diagnostic error messages helps the
user to determine the csuse of a script error, and limited error recovery is provided by
adopting the correct state after a script error has been given. Of course, side effects from
the error may prevent complete recovery.)

The user is provided with a template that aids in test script construction. A test script
starts by setting the context in terms of withing and useing needed packages. Then the script
is opened and any necessary test data is declared, followed by the instantiation of necessary
check procedures. A series of test cases specify the data to be passed to the unit under test,
the data expected to be returned by the unit, and the various checks that should be made to
check correct unit operation. After the main body of the test script is closed, the stub section
provides the definition of any stubs that are to be simulated. The basic operation of this part
of AdaTEST can be illustrated be looking at some of the major directives that are used in
the main body and stub section of a test script.

Basic directives are used to declare the start and end of a test script, and start and
end of each individual test case. Within each test case, the EXECUTE directive precedes
the actual invocation of the unit under test. It allows the user to identify the unit, the expect-
ed sequence of stub calls, if any, made by the unit, and whether an exception is expected to
be propagated. A companion directive DONE follows the invocation of the unit under test
and verifies that the number of stub calls and any exception propagation is as stated in the
preceding EXECUTE. Next a series of checks can be made to verify the test case outputs..
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CHECK is used to verify that an object of a predefined Ada type contains the expected val-
ue. To allow more flexibility, ATH also provides a set of generic checking routines that the
user can use to check the results for user-defined integer, enumeration, floating, and fixed
types and, with the exception of limited private types, any other user-defined types. A check
directive for comparing raw memory is also provided. In addition to checking the value of
data against expected data, ATH provides for checking of events. Here expected external
physical events can be checked by requesting the operator to confirm that a particular event
has occurred. Also the exceptions propagated by the unit under test can be examined. The
CORRECT_EXCEPTION and ILLEGAL_EXCEPTION directives allow the test to indi-
cate whether an exception has been propagated correctly, or unexpectedly.

Timing analysis is supported by special directives to reset, start, and stop the timer
and check timer results. Since the processing involved in stub calls can have an effect on
the execution of the unit under test, it is recommended that a test script should not use sim-
ulation when timing analysis is being performed. For a test script to be portable between
host and target environments, timing checks are specific to the environment in which the
test is executed. Timing directives are ignored in the host environment and this type of anal-
ysis is only performed in the target environment.

AdaTEST’s stub simulation supports testing units in isolation, where interaction
with other units is simulated. (In bottom-up testing, stub simulation can be used to replace
those units not yet available.) The user can verify the order of calls to simulated units, and
verify the values of in and in-out parameters passed to simulated units. The user is also pro-
vided with further control in the test process by the ability to initialize the values of in-out
and out parameters, function return values, and other data. The sequence of expected calls
to simulated units is usually given in the EXECUTE directive included in each test case to
allow the user to specify unique processing for each separate stub invocation. The simulat-
ed unit(s) themselves are defined in the test script after the main body of test cases. Again,
special script directives are provided. The directives START_STUB and END_STUB are
self-explanatory. CALL_REF is used to identify the current stub reference from the list giv-
en in EXECUTE directive. Since the list of expected calls in an EXECUTE directive can
contain loops, the directive CALL_LOOP is available to identify the current value of a loop
repetition count and another directive, the ILLEGAL_CALL _REF directive, can be used
to indicate that a simulated unit has been called out of sequence. This use of stub simulation
is facilitated if all units in a system are declared as separate, thus obviating the need to write
hybrid package bodies containing both simulated and real units.
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At the end of a test run, a table of test results is produced. This indicates whether
each test has passed or failed and gives an overall pass/fail summary of the test run. In addi-
tion, detailed results are produced. Tests may be executed unchanged in both host and target
environments (with the exception of timing analysis, as stated above). In a host environ-
ment the detailed test output generated by a test run is placed in a results file for later exam-
ination. On a target, if no file system is available, output is directed to the standard output
device.

Since a large number of test cases can make a test script unwieldy, ATH supports
table-driven testing. Here the initial conditions and expected results for each test case are
stored in a table. This allows the test script to simply loop, pulling the needed data for each
test case from the table. Of course, although the table can be extended to allow for different
sequences of stub calls and different handling of exceptions, this approach assumes a large
degree of commonality in the processing required for each test case. However, in those cas-
es where a target system has limited memory resources, table-driven testing does allow
reducing the size of the executable program.

Tasks are tested in much the same way as sequential units. While sequential units
are implicitly synchronized because they are executed from within the EXECUTE-DONE
block, tasks may run concurrently with the test harness. If a task has entry points, then the
entry point is called after the EXECUTE and a delay statement precedes the DONE to allow
time for the task to call any stubs and update any global data. If it is not possible to syn-
chronize the task using an entry point, or the entry point occurs too late (for example, after
a stub has been called), special action is called for. In this case, the CONCURRENT mode
of ATH must be used. In this mode, directives are locked so that only one may execute ata
time and stubs are executed sequentially. Essentially, ATH synchronizes START _STUB
with EXECUTE so that stub calls made by the unit under test will not proceed until the test
script is within the EXECUTE-DONE block. Again, a delay statement may be necessary.
Similarly END STUB is synchronized with DONE. After DONE has executed, any subse-
quent stub calls are suspended until the next EXECUTE. Some workarounds are provided
for cases such as a task reading global data before waiting on a task entry or calling a stub.

CONCURRENT mode is also required for multiple tasks and, although this is not
stated in the manual, for coverage analysis of a task. The ATH tasking mode (SEQUEN-
TIAL or CONCURRENT) is determined when the test script and software under test are
linked to form an executable image. The manner of setting the mode is dependent on the
compilation environment. Since the CONCURRENT mode is intrusive, it may affect the
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timing and ordering of events that occur across multiple tasks; this may result in deadlocks
where the program hangs.

30.1.2 ATI Overview

Unlike ATH and ATA, ATI is an executable program. As such it offers a command
line interface for instrumenting subprogram bodies, task bodies, and subunits when they
appear as library units or in the declaration part of other units of nested block statements.
(Code embedded in a package body is not instrumented.) Instrumentation is performed on
a single file at a time.

The command line interface offers a number of options that allow, for example, lim-
iting the types of coverage that the unit is instrumented for, switching off task body instru-
mentation, and requesting static analysis results to be produced in a machine-readable,
comma-separated variable format suitable for processing by third-party products such as
spreadshoct packages. It is also possible to limit the instrumentation performed to, for
example, a maximum number of coverage points, or the maximum limit for the number of
bytes used to store package and program unit names. By default, the subject file is instru-
mented for all coverage types, that is, statement, decision, boolean expression, exception,
and call coverage.

Two files are produced. One of these includes the instrumented source code, which
is ready to be compiled in the usual way. The second file contains an annotated listing of
the source code and the results of the static analysis. Static metrics are calculated on a per-
unit basis. They include simple counting metrics such as the total number of Ada source
code lines, the total number of dynamic stack allocations within a unit, and the total number
of for loops. Complexity metrics include Halstead metrics, and Hansens’s Cyclomatic
number and operator counts which are modifications of McCahe’s and Myers’ complexity
metrics.

30.1.3 ATA Overview

After it has been instrumented, a program unit is ready for coverage analysis. The
user converts the ATH test script used for testing the program unit into an ATA test script
by including ATA directives that cause the capture, checking, and reporting of coverage
analysis data. The initial ATA directive used is one to initialize the analysis, then the test
cases are surrounded by directives to start and stop coverage analysis. A CHECK_ANAL-
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YSIS directive is used to check that, for a given unit, a particular coverage metric or static
metric lies within a specified range. Alternatively, the user can use the GET_ANALYSIS
directive to yield the value of a particular metric and this data can be used in, for example,
the calculation of user-defined metrics. CHECK_CALLS checks that all members of a giv-
en list of units have been executed. The directives REPORT_UNIT and REPORT_ANAL.-
YSIS allow writing the results of static analysis to the results file either unit by unit or
metric by metric. A trace directive is provided to allow the user to request tracing at either
the unit, decision, or statement level.

START_SCRIPT_IMPORT and END_SCRIPT_EXPORT are the most important
of the remaining directives. These are used as alternatives to the usual START SCRIPT
and END_SCRIPT to enable cumulative coverage reporting. As its name suggests,
START_SCRIPT_IMPORT imports analysis data and pass/fail results exported from a pre-
vious run, new results are then appended to this data and then, using END_SCRIPT EX-
PORT, can be exported to a set of files for later import by another test script.

Once the ATA test script is prepared, all relevant code is compiled and linked as
usual. (As before, any changes to the test script only require recompiling the script itself
and relinking the program.) When the resulting program is run, results of the analysis and
tracing are integrated with ATH test results to produce an overall ATH/ATA test pass/fail.
A summary of the pass/fail results is written to the screen, while the full analysis and, if
requested, trace results are written to the resul.s file.

ATA operates in one of two modes, either ANALYSIS or NON_ANALYSIS. In the
ANALYSIS mode, ATA operates as described above., Otherwise ATA ignores all directives
except the START_SCRIPT_IMPORT and END_SCRIPT_EXPORT; it wili not permit the
execution of instrumented code in this mode. This is intended to allow the use of the same
test script for both host and target machine testing. It also allows timing analysis to be
restricted from being performed on instrumented code.

30.2 Observations
Ease of use. For ATH and ATA, knowledge of Ada is all that is required. ATT uses
a simple command-line interface that is easy to use.

Documentation and user support. The documentation as provided was clear and
easy to follow. However, it serves as a reference manual rather than a user guide and addi-
tional examples would be helpful. IPL provided excellent support, answering all questions
quickly and fully.
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Instrumentation overhead. The majority of the coverage analyzers examined in
the course of this work are intended for instrumentation of entire programs, or significant
portions of a program. ATA differs in that it is primarily intended to monitor the coverage
achieved in testing a single program unit or, with appropriate use of test histories, those pro-
gram units examined to date in the course of bottom-up testing. Consequently, the follow-
ing figures should not be directly compared with those given for other coverage analysis
tools.

For the function LLFIND, instrumentation for boolean expression, decision, state-
ment, and exception coverage gave an increase in the size of source code from 810 to 4,924
blocks. For package BUFFER_INPUT_MSGS, containing the BUFFER task, instrumenta-
tion gave an increase from 2,118 to 10,811 blocks of source code.

Ada restrictions. AdaTEST supports full Ada. However, ATA does not instrument
boolean expressions that contain a relational operator with one or more operands that are
also boolean expressions.

Problems encountered. No problems were encountered during use of AdaTEST.
It operated exactly as described in the manual.

30.3 Planned Additions

IPL is working on extending AdaTEST to support data flow testing. IPL is also
working on links to two major CASE tools which will allow automatic test script genera-
tion from the case design level.

30.4 Sample Outputs

Figures 30-1 through 30-13 provide sample outputs from AdaTEST on the Lexical
Analyzer Generator example, and Figures 30-14 through 30-23 provide sample outputs for
the Real-Time Temperature Monitor example.
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separate (LLFIND_TRST_PKG)

funcetion LLFIND{ ITEM: LLSTRINGS; WHICH: LLSTYLE ) return INTEGER is
-- Pind item in symbol table -- return index or 0 if not found.
-- Assumes symbol table is sorted in ascending order.
1OW, MIDPOINT, HIGH: INTRGRR;
begin
oW := 1;
HIGH :e LLTABLESIZE + 1;
while 1OW /e HIGH loop
MIDPOINT := (HIGH + LOW) / 2;
if ITEM < LLSYMBOLTABLE (MIDPPOINT) .KEY then
HIGHR := MIDPOINT;
elsif ITEM « LLSYMBOLTABLE (MIDPOINT) .KEY then
if LLSYMBOLTABLE (MIDPOINT) .KIND « WHICH then
retuzn{ MIDPOINT );
olse
return( 0 );
end if;
else -- ITEM > LLSYMBOLTABLE (MIDPOINT) .KEBY
1OW := MIDPOINT + 1;
ond if;
end loop;
return( 0 }; -- item is not in table
ond LLFIND;

Figure 30-1. AdaTEST Listing of Function LLFIND

wich LL_DECLARATIONS, TRXT_I0;
package

type LLSYMTABRNTRY {s -- for symbol table antries
record
KEY: LLSTRINGS; -- literal string or group idantifier
KIND: LLETYLE; -- literal or group
end record;

LLSYMBOLTABLE: arzay ( 1 .. LUTABLESIEE ) of LLSYMIABRRNWTRY)
-- the eymbol table for litersl terss

tunction LLFIND ( ITEM: LLSTRINGS; WHICH: LISTYLE ) return INTEGER;

package body LLFIND_TRST_PKG is
function LLFIND ( ITEM: LLSTRINGS; WMICH: LLSTYLE ) return INTEGRR is

separate;
procedure KRADGRAM is -- read gramsar fros disk
CN: CHMARACTER;
LIGRAM: PILE_TYPR; .- ie 4

begin - = READGRAM
OPEM( LIGRAM, IN_FILE, “TABLE® );
-- read in sysbol tables
for I 4im 1 .. LILTABLESISE loop
for J in 3 .. LLSTRINGIRNGTM loop
GRT( LLORAM, LLSYMROLTARLE (I) .KEBY(J) )
end loop;
GRT( LIAORAM, CH );
SRIP_LIWE ( LLARNX ) ;
if N e ‘g’ then
LLSVMBOLTABLE (2) .KIND :» GROUP;
slse «- assume ¢ch = 1

end LLFIND_TEST_FPXG;

Figure 30-2. AdaTEST Making LLFIND into a Separate Unit
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-- CONTEXT

-« with PACKAGE _UMDER_TRST:
with LLFIND_TERST_PKG;

use LLFIMD TRST_PKG;

-- with any Referenced Packages:
with LL_DECLARATIONS ;
use LL DRCLARATIONS;

-+ Test Script requires the use of the ATH_COMMANDS package:
with ADATEST_HARMESS_COMMANDS ;

:
E
E
|

-- Instantiations of Generic_Checks if needed:
type LLSTYLE is (LITERAL, NONTERMINAL, GROUP, ACTION, PATCH) ;
-+ Declare work variables if needed:
ITEM : LLSTRINGS;
WHICH : LLSTYIR;
RESULT : INTRGER:
START_SCRIPT ( *TEST_LLFIND® ) ;

«+ Read in the table to initialise LLSYMBOLTABLE

READGRAM ;
-- Timer reset here for timing analysis later -8t seript
RESET_TIMER ;
“TEST tATHS (Repeat as required)
PR sy oASE 1 T T
"""" B I S T

-- COMMENT ( "ITEM => #, 18t item in table* J ;
-- COMMENT ( *WHICH «> 1" ) ;
-- COMMENT ( "RESULT =»> 1° ) ;

-- No initial values to sst

-- Introducs call to Unit_under_Test with Call_List and Is_Exception_Expected:

Figure 30-3. ATH Test Script for Testing LLFIND with Timing Analysis
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EXBCUTE ( “LLFIMD_TRST PKG.LLFIND", **, EXCEPTION_WOT_KXPECTRD )

begin
START_TIMER ;
-« Make call to Dnit_under_Test with appropriate valueis) for In parameters
-+ and work variables for Out parameters and returned values:
SRSULT := LILPIND(ITEM «> “# *, WHICH > LITRRAL);
STOP_TIMER ;

-- Bxoeption handlerx(s):
sxdeption

+- If test case Tequires, provide a Correct_Exception handler, e.g.
<+ when PACKAGE_UNDER_TEST.RXPRCTED_KXCEPTION =>
- CORRECT_RXCEPTION (*EXPRCTED_KXCEPTION®) ;
-+ Always provide an ILLEGAL_EKXCEPTION handler for at least ’‘others’:
whan othexe =>
ILLEGAL EXCEPTION ( “Others® ) ;

end ;
DONE ;

-- Check the results of exscuting the Unit_under_test:
CHERCK ( °RRSULT", AESULT, 1) ;
CHECK_TTMER ("SUM3_UMWIX*, 0.00, 0.0S) ;

END_TBST ;
.......... Neeserersmeecsrtevenasoesetacestacncetaeneran et s e
cesaacamae seceecancecans cetccmenaen cesecccsane “mteescensesesuraecnccnaconcsanan

<+ COMMENT ( "ITEM «> }, last item in table” ) ;

~~ COMMENT { "WHICH > 1" ) ;

~- COMMENT ( "RESULT => 32" ) ;

EXRCUTE ( “LLFIND_TEST_PXO.LLFIND®, °%, EXCRPTION_NOT _EXPECTED ) ;

begin

RESULT :e LLPIND(ITEM => ") *, WHICH w> LITEBRAL);
exception
when othess =>

ILLRGAL_EXCRPTION ( "Others" ) ;

end ;
DONE ;
CHECK ( "RESULT®, RESULT, 32) ;

START_TRST (3 ) ;
-- COMMENT { *ITEM »> Charlit, some random entry* ) ;
-~ COMMENT ( "WHICH «> GROUP" ) ;
-+ COMMBNT ( "RESULY o> 11° ) ;
EXECUTE ( °LLPIND_TRST_PXG.LLFIND®, °**, KXCEPTION_WOT_EXPECTED ) ;

begin
RESULT := LLFIND(ITEM »> *ChasLit *, WIICH «> GROUP);

axoeption
when othexs a>
ILLEGAL _RXCRPTION ( "Othexs’ ) ;

Figure 30-3 continued: ATH Test Script for Testing LLFIND with Timing Analysis
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Syl

end
DOMB ;
CMECK { *RESULT*, RRSULY, 11) ;

START_TBST ( 4 ) ;
-- COMMENT ( "ITEM => rubbish, item mot presemt im table® ) ;
-+ COMMEWYT ( "WHICK »> LITERAL, wvalid LLSTYLE® ) ;
-- COMMENT ( "RESULT => 0°* ) ;
EXECUTE ( “LLFIND_TEST_PNXG.LLFIND®, **, EXCEPTION WOT EXPECTED ) ;

begin
RESULT :e« LLFIND(ITEM => "yubbish *, WRICH «> PATCH);
exception
when othess w>
ILLEGAL_XXCEPTION ( "Othsre” )} ;

oend ;

DONE ;

CIRCK ( “RESULT", RESULY, 0) ;
BUD_TEST ;

END_SCRIPT ;
ond TEST_LLFIND;
-- No Studb Simulation sectiom

Figure 30-3 continued: ATH Tes: 3cript for Testing LLFIND with Timing Analysis
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MaTEST Narness (c} IPL Information Proceseing Ltd, 1990-93
Version 2.3
License Mo: SPL0222 (Iastitute of Defence Analysees)

................................................................................

Test Besults for : TRST_LLITND

System Configured for : SUM3I_OMWIX
Test Run on 13 MAY 1993 at 13:25:83

START_SCRIPT: TRST_LLPIND , AUTO ;

RESET_TIMER ;

EXBCOTE: LLPIND_TEST_PKO.LLFIND ,
Expected Calls =
(L]

Sxoeption_Mot_Expected ;
START_TIMRR ;
STOP_TIMNER ;
DOME: LLYIND_TSST PXG.LLFIND ;
CHECK ( RESULT ) ;DPASSED
Item b

CHECK_TIMER: ( SUN3_UNIX ) ;PASSED
TIMER_VALUE = 0.020 seconds.

......... tescecsensrennccasusses END TRET 1 ~=cocesccscoesccssasccasaannanns
.................................. TEET 2 --vcevecvceccrcacvacorecancencancs
EXECUTR: LLFIND_TEST_PKG.LLPIND ,
Expected Calls =
e

Figure 30-4. ATH Results of Testing LLFIND with Timing Analysis




o CXECK ( RESULT ) ;PASSED
Iten ]
.................... tececacccocs BUD TREY € v-ov--vsvcevcmcocooocosnsomnacns

Test Results for TEST_LLFIND
Test run completsd at 13:25:56

®

Script Brzors [}

Checks Pessed P

Checks Pailed ]

Checks Ignored °

Paths with Stub Pailures [}

""""""""" Overall Test mASSED T
o
Figure 30-4 continued: Resuits of Testing LLFIND with Timing Analysis
L
e
Q@
@
[
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(3 w>
2 =n>
3w
4 o>
ACT_RESULT

begin

sesnescee evecresscnnnnnon “esrcrrcems - 2u. esscsvrEmsevusntean “ememacevscencurn
cecssceann eessesrcacemsatersssettener Saseamsatamscsvevrmscacramsmcveconnnny
--------------- D O L L T O U g

«> LITERAL, KXP_RESULT => 1),

(ITOX => *# . WHICH
, WHICH w> LITERAL, EXP_RRSULT w> 32),
, WHICH

(ITRM => *)
(ITRM => *CharlLit
{ITRM => °*xubbish
: integer;

=> GROUP, EXP_RESULT w> 11),
WHICH > PATCH, EXP_RESULT ~> 0)):

START_SCRIPT ( *TRST_LLFIND® ) ;

fead in the table to initislize LLSTMBOLTIBIR

weeroman ceoean ceemeacenn cacean —eeeen ceemcieeceaccanenns ceeeacan cemceaee S
START_TST ( TEST_CASE ) ;
........ g P

EXECUTR ( "LLPIND_TEST_PKG.LLFIND®, *¢, BXCEPTION_WOT_EXPECTXD ) ;

begin
ACT_RESULT :» LLFIND (TABLR (TRST_CASE) .ITEM, TABLE (TEST_CASE) . WHICH
sxception
when others =>
ILLEGAL_RXCRPTION ( *Others® )} ;
ond ;

DOMR ;
CHECK ( *RESULT®, ACT_RESULT, TABLE (TRST CASR) .EXP_RRSULT) ;

end loop ;
BD_SCRIPT ;
end TERST_LLFIND;

sscsnecasacncen D R A L L T LYY PP SIPpis DUy iy Qg g Sscsncsnsnrancas D T Lk T X pupipppn

meeeverecsaccccnsssrnctnonaanhevaanennr ascuenas Sesstarccosnacsesnansanncanssnmes

Figure 30-5. ATH Test Script for Table-Driven Testing of LLFIND
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AdaTEST Narness (€) IM. Information Processing Ltd, 1990-9)
Version 2.3
License No: SPLO223 (Institute of Dafence Analyses)

................................................................................

Test Rasults for : TEST_LLPIND
System Configured for : SUNMI_UMIX
Test Run o 26 MAY 19293 at 11:19:09

Item 32
................................ BMD TEST 2 +cvceccecnascccccconenascansannn
.......... ececseccnvaccacancncacee PRET J +ccnvcecmcvcscnconcocnvuanacsanccas
EXECUTE: LLVIND_TERST_PKG.LLFIND ,
Bxpected Calls =
e

Exception_lot_Sxpected ;
DONE: LLFIND_TEST_PKG.LLFIND ;

CHECK ( NESULT ) ;PASSED
Item 11

Figure 30-6. ATH Results of Table-Driven Testing of LLFIND
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DONE: LLFIND_TSST_PKG.LLFIND ;
CERCX ( BARSULT )} ;PASSED
Item ]

EMD_SCRIPT: TRST_LLFIND ;

Test Results for TEST_LLFIND
Test run completed at 11:10:09

H

Figure 30-6 continued: Results of Table-Driven Testing of
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PARSING_BRROR: exception; -~ for fatal parsing errors

LIMAXSTACK: constant := 500;
-+ BaX pmumber of sentential form elements in parse tree at ane time

type LIRIGNT is -- for grssmar vocsbulary sywbols

CASEINDEX: INTROBR; -- action code case index
SYNCHINDEX: INTERGER; -- synchroniszation table index
: INTRBORR; -- position in production right hand side
KIND: LLSTYLE; -- type of vocsbulary symbol
TABLRINDEX: INTEGER; -- symbol table or production start index

type LLESNTENTIAL is -- for sentential forms

record
LASTCHILD: BOOLEAN; -- is this the rightmost child?
TOP: INTERORR; -- pointer to lastchild
PARRNT: INTEGER; -- pointer to pareamt of this node
ATTRIBUTE: LLATTRIBUTE; -- derived attributes returned
DATA: LLRIGHT: -- vocabulary symbol informatiom
end record;
LLTOP: INTEGER; -- top of stack poiater
LOCOFANY: INTRGER; -- locstion of *any” iz llsymboltable
LLILOCEBOS: INTRGER; -« location of end-of-imput in symboltable
LLSEWTPTR: INTEGER; -+ current sentential form element

LISTACK: array ( 1 .. LIMAXSTACK ) of LLSENTENTIAL;
-~ stack which represents ths parse tree

begin
LLEENTPTR := 1;
LLTOP := 1;
LLSTACK (LLSENTPTR) .LASTCHIID := TRUR;
LLSTACK (LLSENTPTR) .PARENT := 0;
LLSTACK (LLSENTPTR) .DATA. SYNCHINDRX := O;
LLSTACK (LLSENTFIR) .DATA.KIND :« NONTERMINAL;
-- 2ind location of “any® in llsymboltable
LOCOFANY := LLFIND( (le>‘a’, 2e>‘m’, 3a>’y’, others > ’ ‘), GROUP );
-+ find location of endofsource (°e®) in llsymboltable
LLIOCEOS :s ILLFIND( (1=>‘®’, others => * '), GROUP );

.-

end PARSE;

Figure 30-7. ATH Example Invocations of LLFIND
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with LL DECLARATIONS, TEXT_I0;
peckage PARSE _TEST_PEG is
use LL_DECLARATIONS, TEXT_IO;

type LLSTYLE is (LITRRAL, NONTEMMINAL, GROUP, ACTION, PAYCM);

cype LLSYMTABRNTRY is -- for symbol table entries
record
XXY: LLSTRINGS; -+ literal string or group identifier
XIND: LLSTNA; -= literal or group
end recorxd;

LLSBOLTARLE: array { 1 .. LLTABLESISRE ) of LLSYMTABRNTRY;
-~ the symbol table for literal texms

procedure PARSE;
function LLFIND ( TTEM: LLSTRINGS; WHICH: LLSTYIE ) return INTEGER;
procedure READGRAM;

end PARSE_TRST_PKG;

package body PARSE_TEST_PXG is

procedure PARSE is sepazate;
function LLPIND ( ITEM: LLSTRINGS; WHICH: LLSTYLR ) return INTRGER is

separats;
procedure READGRAN is -« read grammar from digk
CH: CHRARACTER;
LIGRAM: PILE_TYPR; -- where grammar is stored

begin  -- READGRAM
OPEM( LIGRAM, IN_PFILE, “TABLE® );
-- vread in symbol tables
for 1 in 1 .. LLTABLRSIEZR loop
for J in 1 .. ILSTRINGLENGTH loop
GET( LIGRAM, LLSYMBOLTABLE(I).KEY(J) );
end loop;
axT( LIGRAM, CH );
SKIP_LINE( LILGRAM ) ;
it CH e ‘g’ then
LLSYMBOLTABLE (1) .KIND := QGROUP;

else -- assule ch o )
LISTMBOUTARLE (I) .KIND := LITERAL;
ond if;
ond loop;

CLOSE ( LIGRAM ) ;
oend READGRANM;

end PARSE_TRST_PXG;

Figure 30-8. AdaTEST Declaring PARSE and LLFIND as Separate




-+ with PACKAGE_UBDRR_TRST:
-tuunnfu'rm
uunmnrrmx

-- with any Refersnced Packages:
with LL_DECLARATIONS;
use LL_DECLARATIONS;

--m:-mmn-mmummmsm

.............................................................................

.............................................................................

begin
START_SCRIPT ( “TRST_PARSS" ) ;

®sad in tha table to initialise LLSYMBOLTARLE

...............................................................................

START_TRST (1 ) ;
EXECUTE { *PARSE_TUST_PKG.PARSE®,
YLLYIND:); LLFIND:1°,
SXCRPTION_NOT_EXPRCTED ) ;

begin
PARSE ;
exception
vhen others =>
ILLEGAL_EXCEPTION ( “Others® ) ;
ond ;
DOME ;

...............................................................................

..............................................................................

..............................................................................

..............................................................................

...............................................................................

with ADATEST_BARMESS STUS_SIMUTATION;
use ADATEST_NAKNESS_STUB_SIMULATION;

sepaxate (PARSE_TRST_¥PEQ)
function LLFIND{ ITEM: LLSTRINGS; WHICH: LISTYLE } veturn INTEGER is

THMP_RETURN_VALUE : integer;

begin
START_STUB ("LLFIND®);
case CALL_NEF is
when 1 =>

THP_RETURN_VALIR := 10;

when 3 e>
TMP_RETURN_VAILUR := $;

whan others s>
ILLBGAL_CALL RE7;
TMP_RETURN_VALOR := 0;

md onse;
RED_STUD;
Teturn (TMP_RETURM_VALOR) ;
ond LLFIND;

................................................................................

Figure 30-9. ATH Test Script Showing Stub Simulation for LLFIND
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MATEST Harness (¢) IPL Information Processing Ltd, 1990-93
Version 2.3
License No: SPL0222 ..nstitute of Defence Analysses)

............................................ O L L e e

Test Results for : TRST_PARSE
System Configured for : SUN3_UNIX
Test Run on 17 MAY 1993 &t 14:44:29

START_SCRIPT: TEST_PARSE , AUTO ;

EXEBCUTE: PARSE_TEST_PKG.PARSE ,
Expected Calls =
*"LLFIND:1; LLYIND:1*
Rxception_Not_BExpected ;

START_STUB: LLFIND ;
CALL_REF: Reference 1, Call 1 ;

END_STUB: LLFIND ;

START_STUB: LLYIND ;
CALL_REF: Refexence 1, Call 2 ;

BD_STUB: LLFIND ;

DONE: PARSE_TRST_PKG.PARSE ;

Test Results for TEET_PARSE
Test Tun completnd at 14:44:29

Script Rrrors

Checks Passed :
Checks Pailed H
Checks Ignored :
Paths with Stub Failures

r ODODOO

..... O T L T T R s

Overall Test PASSRD

Figure 30-10. ATH Results of Test with LLFIND Stub Invocation
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«- MaTEST Instrumenter ATI V 3.1
~= (€) 1991-9) IPL Information Processing Ltd

-« Pile type
- Time »un
-« Pile name

: Annotated Source Pile
: Wed ApTr 21 10:47:19 1993
: 11find.atl

.................................... D L L R R R R R

-+ Inacrumented for :

.-

..

1 separate (LLPIND_TEST_PKG)

2 B

3 : function LLPIND( ITEM: LLSTRINGS; WHICH: LLSTYLE ) return INTRGER
4 : -« Pind item in sysbol table -- return index or 0 if not found.
H s -+~ Assumss symbol table is sorted in ascemding order.
(3 : LOM, MIDPOINT, MIOGH: INTEGER;

K} : begin

[ ] : oM :s 1;

] H HIGH :» LLTARLESIZE + 1;

10 3 while 10V /= HIGH loop

i1 H MIDPOINT := (HIGH ¢ LOW) / 2;

12 if ITEM < LLSYMBOLTABLE (MIDPOINT) .KBY then

13 H HIGH := MIDPOINT;

14 elsif ITEM = LLSYMBOLTABLE (MIDPOINMT) .KEY then

1S if LLSYMBOLTABLE (MIDPOINT) .XIMD = WHICH then
16 return( MIDPOINT );

17 else

18 H return{ 0 };

19 end if;

20 else -- JXTEM > LLSYMBOLTABLE (MIDPOINT) .KRY

22 10M :«a MIDPOINT + 1;

22 ond if;

Static analysis
Decision Coverage
Statemsnt Coverage
Sxoeption Coverage
Boolean Coverage

A : end loop;

2¢ : veturn( 0 j; -- item is not in table

as : snd  LLPIND;

is

Analysis report on file llfind.a
Lo 2 T e T TR R A g R L T e o e e T A e e e

Measure Value
CORMENTS ]
COMMENT_LINES []
ADA_CODE_LINES 2
LINES_IN_SOURCE_PFILE 26
TOTAL_UNITS_IN_SOURCE_FILE 1
PRAGMAS 0
WITH_CLADSES [}
USS_CLAUSES ]
COMPILATION UNITS 1
PACKAGE_SPECIFPICATIONS (]
SUBPROGRAM_SPECIPICATIONS []
GENRRIC_SPECIFICATIONS [
PACRAGE_BODIES [}
SUBPROGRAM_BODIES 0
GENMRRIC_INSTANTIATIONS []
SUBUNITS i
------ “eesescscsancacecctccccces BMD OF REPORT --vccevvccocvocnancanccceasn

Figure 30-11. ATI Static Analysis of LLFIND
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Pt b bt b e bbbt ted b bbedd POV TP

Analysis report oo function LLFIND _TEST_PKO.LLFIND

*4 44 + A2 ot dhs 8 s +

Measure Value
TOTAL_LINES 22
COMMENTS 4
COMMENT _LINES 3
ADA_CODE_LINRS 20
LINES_IN_SOURCE_FILE 26
TOTAL_UMITS IN_SOURCE_PILR by
PRAGMAS 0
WITH_CLAUSES [}
USR_CLAUSRS ]
INNER_USE_CLAUSES []
PARAMETERS 2
DECLARATIVE_STATEMEWTS 1
EXRCUTABLE _STATEMENTS 11
GENERIC_DECLARATIONS []
GENERIC_INSTANTIATIONS o
UNCHECKED_DRALLOCATIONS [}
THCHECKED_CORVERSIONS ]
ODY_STUBS 0
DERIVED_ TYPR_DEFINITIONS o
ALLOCATORS 0
ASSIGWENT_STATRMENTS s
PROCEBDURE_EWTRY_CALL STWTS [
EXIT_STATEMENTS 0
EXIT_WHEN_PARTS o
RETORN_STATEMENTS 3
QOTO_STATEMENTS ]
DELAY_STATEMENTS ]
ABORT _STATEMEWTS [}
RAISE_STATRMENTS 0
CODE_STATEMENTS [
IF_STATEMENTS 2
ELSIF_PARTS 1
BLSE_PARTS 2
CASE_STATRMENTS (]
CASE_ALTERMATIVES [}
LOOP_STATRMENTS 1
FOR_LOOPS 0
WHILR_LOOPS 1
BLOCK_STATREMENTS
SLOCK_DECLARATIVE_PARTS (]
ACCEPT_STATEMENTS (]
SELECT_STATEMENTS ]
SELECTIVE_WAITS [
SELECTIVE_MAIT_ALTERMATIVES [
TERMINATES [}
COMDITIONAL_EWTRY_CALLS °

Figure 30-11 continued: ATI Static Analysis of LLFIND




LOGICAL_OPERATORS °
RELATTONAL_OPERATORS *
BINARY_ADDING_OPERATORS Y
UNMARY_ADDING_OPERATORS °
MOLTIPLYING_OPERATORS 1
MIGREST_PRECEDRNCE_OPERATORS o
SHORT_CERCUTT_CONTROL_PFORMS °
MEMBERSHIP_TSSTS °
UMPROCESSED_SEXES °
MAXTMOM_STATRMENT NESTING 4
AVERAGE_STATEMENT_WESTING 2.27
MCCABE s
MYERS_MCCABS_LOWER s
MYERS_MCCABE_UPPRR s
HALSTEAD_WOM_UNIQUE_OPERATORS 13
HALSTRAD_TOTAL_WOM_OPERATORS 3%
BALSTEAD_WOM_UMIQUE_OPERANDS 16
HALSTEAD_TOTAL_MM_OPERANDS a1
BALSTRAD_LENGTH ”
HALSTRAD_VOCABULARY 2
BALSTEAD_EXPRCTED_LEWGTH 112.11
HALSTEAD_PORITY_RATIO 1.46
HALSTEAD_VOLIME 374.06
BALSTEAD_RSTIMATED_ERRORS 0.12
HALSTEAD_POTRNTTAL_VOLIME 8.00
MALSTEAD_LRVEL_OF_ABSTRACTION 0.02
HALSTRAD_RST ,_ARSTRACTION .06
RALSTRAD_PROGRAM_EFFORT 17490.54
HALSTEAD_TIME_SSTINATE #71.70
HALSTRAD_DIFFICOLTY 45.76¢
HALSTRAD_LANGUAGE_LEVEL 0.17
BALSTEAD_INTELLIGENCE_CONTRNT 21.46
HANSEN_CYCLOMATIC_MOM s
HANSEN_OPRRATOR_COUNT a“
----------------------------- cec NND OF REPORT -c-c-cccocasmmeceosssnsnsesonnas

Figure 30-11 continued: ATI Static Analysis of LLFIND
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............................................................................

............................................................................

-+ with PACKAGE_UNDER_TEST:
with LLFIND_TRST_PKG;
use LLFIND TRST PKG;

- with any Bef d Packag
with LL_DECLARATIONS ;
use LL_DECLARATIONS;

-- Test script reguires the use of the ATH_COMMAMDS and ANALYSIS packages:
with ADATEST_HARNESS COMOMDS ;
use ADATEST_HARNESS COMMANDS ;

.............................................................................

.............................................................................

.............................................................................

procedure TRT LLrmm_swivais is T
-+ Instantiations of M:ic_au;ekl if needed:
typs LLSTYLE is (LITERAL, WOWTERMINAL, GROUP, ACTION, PAYCH);
-+ Declare work variables:
ITEM : LLSTRINGS;

WNICH : LLSTYLE:
RRSULT : INTEGER;

begin
START_SCRIPT ( “TRST_LLFIND_AMALYSIS® );
INITIALISE_AMALYSIS;
SET_TRACE { TRACE_FULL ) ;
START_COVERAGE;
-- Read in the table to initialise LLSYMBOLTABLE
READGRANM ;
~- TEST PATHS

...............................................................................

START_TBST (1),
<< COMSEENT ( "ITEM => 4, let item in table*® );
-- COMMENT ( *WHICH o> 1° );
-~ COMMBNT ( "RESULY o> 1* );
EXECUTR ( "LLFIND_TRST_PKG.LLFIND®, **, EXCEPTION NOT_EXPECTED );
begin
REBSULT o LLFIND (ITEM => *§ *, WMICHK => LITERAL);

exoceptiocn

Figure 30-12. ATH Test Script for Coverage Analysis and Full Tracing of
LLFIND
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whan otheres =>
ILLEGAL_RXCEPTION ( *Others® );
ond;
DOME ;
CHBCK ( "RESULT®, RERSULT, 1);

RND_TRST;

-- Switch off tracing for the remainder of ths test

SET_TRACE ( TRACE ¢ )i

START_COVERAGR ;
......... e T T LT T PP PP
......... g

START_TRST (2 );
-- COMMEWT ( "ITEM => ), last item in table® );
<< COMMENT ( *WHICH a> 1° );
-- COMMRNT ( *RESULT => 32° );
EXECUTE ( "LLFIND_TEST_PKG.LLFIND®, *°, EXCEPTION_MOT _EXPECTXD ) ;

begin
RRSULT := LLPIND (ITEM => °*) *, WHICH => LITERAL);
exception
when others =>
ILLEGAL EXCEPTION ( *Othexs® ):

START_TRST ( 3 ),
-~ COMMENT ( "ITEM > CharLit, scme random eatry® );
»- COMMENT ( "WHICH «> GROUP* );
-- COMMENT ( *RESULT o> 11* );
EXECUTE ( *LLPIND_TEST_PXG.LLFIND", °**, EXCRPTION_NOT_RXPECTED );

begin
RESULT :e LLFPIND(ITEM w> *Charlit 2, WHICH e> GROUP) ;
exception
when others »>
TLLEGAL_EXCEPTION ( *Othars® )
ond;

START_T8T ( 4 );
-- COMMENT ( "ITEM => rubbish, item not present in table® );
-~ COMMENT ( "WHICH => LITERAL, valid LLSTYLX® );
-- COMMENT ( *RESULT => 0* );
EXRCUTE ( *LLFIND_TEST_PKG.LL¥IND", °**, EXCEPTION_NOT_EXPECTED );

begin

Figure 30-12 continued: ATH Test Script for Coverage Analysis and Full Tracing of LL-
FIND
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ARSULY := LLFPIND(ITEM => "rubbish s, MHICH «> PATCM);
exception
whens othexrs »>
ILLEGAL_EXCEPTION ( *“Others® );
end;
DOWR ;
CHMECK { *RERSULT®, RBSULY, 0);

..............................................................................

-+ Coverage analysis checks

CHECK_AMALYSIS (°LLFIND_TRST_PKG.LLFIND®,
*DECISION_COVERAGR® ,
100.00, 100.01);

-~ Static analysis chacks

CMECX_AMALYSIS ("LLFIND_TEST_PKG.LLFIND®,
*USE_CLAUSES®,
0.00, 0.01);

CHECK_AMALYSIS (°LIFIND_TREST_PKG.LLFIND®,
“MCCARR®,
0.00, 10.0);

-- Coverage apalysis reports

REPORT_UMIT (*LLFIND_TEST_PNO.LLFIND®,
*STATREMENT_COVERAGSE;" &
*STATREMENT _STATISTICS;® &
*DRCISION_COVERAGE;" &
*DRCISION_STATISTICS;® &
*BOOLRAN_OFERATOR_COVERAGE_IWAY:* &
*BOOLEAN_OPRRATOR_STATISTICS_IWAY®);

...............................................................................

..............................................................................

..............................................................................

END_SCRIPT;

..............................................................................

................................................................................

Figure 30-12 continued: ATH Test Script for Coverage Analysis and Full Tracing of LL-
FIND
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AdeTEST Narness (e} IFPL Information Processing Lid, 1990-3)
Version 2.3
License Mo: 8PL0222 (Imstitute of Defence Analyess)

............... R R L R R L L L LT R T PR R R

Test Results for : TRST_LLPIND_ANALYSIS
System Configured for : STMI_UWIX
Test Run on 17 MAY 1993 at 10:47:21

START_SCRIPT: TEST_LLFIND_AMALYSIS , AUTO ;

INITIALISE_AMALYSIS : ANMALYSIS mode : TRACR_OFF ;

function LLFIND_TEST PEG.LLYIND ;

EEEEREFRRREERRRRFRRERERERRRERERRES

10 : while-loop : Top-0f-loop ;

: i : TRUB ;

%
~
o ome e w o

while-loop : Bottom-Of-Loop ;
10 : while-loop : Top-0Of-loop ;

€0 o0 e Sr a0 s % a1 s

-
»
s owe

: it : TROR ;

10 : while-loop : Bottam-0f-loop ;

o se s o

10 : while-loop : Top-Of-Loop ;
12

H 12 iz . : TRUS ;
13

: while-loop : Jottam-Of -Loop ;

while-loop : Top-0Of-Loop ;

it : TROR ;

-
W e We we se e we S W wme e

10 : while-loop : Bottom-Of-Loop ;
10 : while-loop : Top-Of-Loop ;

»
~
~

12 : it s TROUB ;

10 : while-loop Bottom-0f-100p ;
10 : while-loop : Top-0f-Loop ;

-

CRRRRRERRRRRRERRRRRRRRRRRRRRRiaeis

Figure 30-13. ATH Results of Coverage Analysis and Full Tracing of LLFIND
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TRACK: Line 11 ;
TRACE: Line 12 ;
TRACE: Lime 13 : if : VALES
TRACE: Lins 14 : elsif ™8 ;
TRACE: Line 15 ;
TRACE: Line 1S : if : TROR
TRACE: Line 16 ;
DOMS: LIZTND _TEST_PKG.LLPIWD ;
CHECK ( RESULT ) ;PASSED
Item 1
-------------------------------- EMD TBST 1 -ccecvvcem-cscscccncceanconnncen
STOP_COVERMIB ;
SET_TRACK: TRACE OFF ;
START_COVERMGE: TRACE OFF ;
avecersensvcvcsusasacssvensocnscns TREY 3 --evccccmccceccosmoonas ecconavane -

EXECUTE: LLPIND_TEST_PKG.LLFIND ,
Sxpected Calls »
L 1]

Exception Not_Rxpected ;
DOME: LLFIND_TEST_PKG.LLFIND ;

CHECX ( RERSULT )} ;PASSED

Item 32
g eeewse EUD TEET 2 -----+eccecsscncccncncacancacens
cecarenacnes remcsomsnmenen PR TEET 3 -cc-ccenan cemevas teceacemcenaenons
EXBCUTE: LLFIND_TEST_VKG.LLFIND .
Rxpectad Calle =
an

STOP_COVERAGE ;
CHECK_ANALYSIS ( LLFIND_TRST_PXJ.LLFIND,
DECISION_COVERAGE ) ;>>PAILED
Valus 87.50 %
Lower Limit 100.00 %

Figure 30-13 continued: ATH Results of Coverage Analysis and Full
Tracing of LLFIND
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OUpper Limit 100.01 §
CHERCK_AMALYSIS ( LLFIND_TEST_PRO.LLVIND,
USE_CLADSES ) ;PASSED
Value 0.60
Lower Limit 0.00
. Opper Limit 0.01
CHECK_ANALYSIS ( LLFIND_TEST_PRO.LLFIND,
MCCARE ) ;PASARD
Value S.
Lower Limit 0.
Upper Limit 10.
REPORT_UMIT ( LLFIND_TEST_PKG.LLFIND,
STATERMENT _COVERAGE ;
STATEMENT_ STATISTICS:
DECISION _COVERAGR ;
DECISION_STATISTICS;
BOCLEAN_OPERATOR_COVRRAGE_3IWAY ;
SOOLEAN_OPERATOR_STATISTICS IWAY ) ;

[ (]
00

e * o St P ot b bbb St ebd b

Analysis Report on LLFIND_TEST_PKG.LLFIND ”
Filename 1itind.a
Instrumented on Wed Apr 21 10:47:19 1993

COVERAGE ANALYSIS

Msasure Value
STATEMENT _COVERAGE 30.91 ¢
STATEMENT STATISTICS
Line Wumber Executions
] 4 eeee
9 &4 eeve
10 4 aede
11 20
2 20 one
13 9 eeseendes
15 3 wee
16 3 ewe
18 0 <<
21 . [ 2411717
a4 1 v
COVERAGE AMALYSIS
Msasure Value
DECISION COVERAGE 87.50 %
DECISION STATISTICS
Line Wumber TYDe Outoome
10 while-loop Loop executions
Complete itezatioms
Incomplets iterations
Mall leops
Normal cospletions
12 it ™R
FALSR
14 elpit ™ROE

Figure 30-13 continued: ATH Results of Coverage Analysis and Full

Tracing of LLFIND
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PALSE s
15 it IR 3
PALSE Q <<
COVERAGE AMALYSIS
Msasure Value
BOOLEAN_OPERATOR_COVERAGE_IWAY 100.00 &

BOOLEAN OPERATOR STATISTICS JIWAY
Not available. Mo Boolsan instrumsntation

- Sreereesrts +oobts BOA OF ROQOTT +404sotttbbbtstttsssts cetoesare

BD_SCRIPT: TEST_LLFIND_ANALYSIS ;

Test Results for TEST_LLFIND_AMALYSIS
Test run completed at 10:47:22

Script Srroxs (]
Checks Passed : 6
Checks Failed : 1
Checks Ignored ]
Paths with Stub Failures (]

escvscane Nevascmcsccsccns Scscmscsamansee smecpvenansareorecrcnannnsnn vacecacacena

Overall Test FAILED

Figure 30-13 continued: ATH Results of Coverage Analysis and Full
Tracing of LLFIND
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-- buffer_input_megs.s - non-generic code to work around VADS probles

with Definicicne; use Definicions;
package BUFFER_INFUT_MEGS is

SISE : MATURAL:«MAX_CPF_MDOS;

proocedure EMQUEUR (I:in CP_FORMAT) ;
procedure DEQUEE (X:out CP_FORMAT) ;
pragms INLINE (EWQURDR,DEQURUS) ;

end BUFFER_INPUT_MEGS;

with Text_I0;

with Calendar;

with Pormat;

package body BUFFRR_IWPUT _MSGS ie

task BUFFER is
entry ENQUEUR (I:in CP_PORMAT) ;
entsy DEQUEUR (X:out CP_FORMAT);
snd SUFFRER;

accept EWQUEUE (I:in CP_PORMAT) do
it Definitions.Debug then
Text_Io.Put_Line (rormat.Time Image (Calender.Clock) & * *
"Buffer_Input_Megs about to engqueus: * & I);
ond if;
if COUNT<SISS then -- check if request ignored
BUP (INSERT) :=X;
INSERT : = (IRSERT mod BOP'LAST) ¢1;
COUNT : «COUNT ¢1 ;
end it;
ond KNQUEUR ;
or
when COUNT>0 w>
acospt DEQUEUR (I:out CP_PORMAT) do
TRMP : «BUF (RERMOVE) ;
I e TEMP;
it Definicions.Debug then
Text_lo.Put_Line (Format.Time_Imege (Calendar.Clock) & *
*Buffer_Input_Megs dequeued: * & TRWP);
ond if;
end DEQUEUR;
REMOVE : » (REMOVE m0d BUF’LAST) ¢1;
COUNT : «COUMT -1 ;
ar

Figure 30-14. ATHListing of BUFFER Package
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delay 10.0;
end selsct;
end loop;
and WIPFER;

procadure SWOORUE (I:in CP_PORMAT) is
begin
select
BUFYER . BNQUROR (1) ;
else
null; -- Raguest ignozed
end select;
end RNQUSUE;
procedure DEQURUR (I:out CP_FORMAT) is
begin
BUPFER . DEQUETE (I) ;
end DEQUEUE;

end BUYFER_INPOT_MSGS:

Figure 30-14 continued:ATH Listing of BUFFER Package
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«- with PACKAGE_UNMDER_TRST:
with SUPFER_INPUT_MDGS
use BUFFERR_INDUT_MSGS;

~- with any Refersnced Packages:
with DEFINITIONS, PORMAT;
use DEFINITIONS, VORMAT;

~- Test script reqQuires the use of the ATH_COMSUDS package:
with ADATEST_MARNESS COMDS ;
use ADATEST_HAMMESS OCOMOWDS ;

.- Test script yvequires the use of other ATH packeges, e.g :
«- with ADATEST _HARNESS _GEWERIC_CMECKS ;

-- use ADATEST HANNESS_GENERIC_ CMRCKS ;

with ADATEST_HARMESS_TIMING_AMALYSIS ;

use ADATEST_HARNESS TIMING_AMALYSIS ;

.............................................................................

.............................................................................

.............................................................................

-- Instantiations of G ic_Checks if ded :

-- Daclare work variables:
REBSULT : CP_FORMAT;

begin
START_SCRIPT ( *TEST_BUPFER", "STA3_UMIX® ) ;
COMMENT ( *A saries Of tests to check handling of FIFO queue® ) ;

-- Timexr be xeset hers for timing analysis later in test acript
RESST_TIMER

-- COMMBNT ( "EBnqueus lst item: AMMAA® } ;

-- Set initial values:

+« Introduce call to Unit_under_Test with Call _List and Is_Exception_Kxpected:
EXECUTE ( "BUFFER_INFUT_MSGS .DUFFER.IWQUSUR",
an

EXCEFTION _WOT_EXPECTED ) ;

begin

Figure 30-15. ATH Test Script for Testing Task BUFFER with Timing Analysis
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-- Make call to Unit_under_Test with appropriate valus(s) for In parsseters
-+ and work variablas for Out parsmeters and returned values:
BUPPER_INPUT_MSG3.ENQURUE (I => "AAMAA");
delay 1.0; -- Allow processing to be performed

-- Bxception handlex(s):
exception

-- If test case requires., provide a Correct_Rxception handler, eo.g.
-- when PACKAGE_UMDER_T¥ST.EXPECTED_BXCEPTION «>
.- CORRAECT_RXCEPTION ("EXPECTED_KXCRPTION")

-+ Always provide an ILLEGAL_XXCEPTION handler for at least ‘others’:

whan others =>
ILLEGAL_EXCRPTION ( “Others® } ;

end ;

DOME ;
-- Check the rssults of axacuting the Unit_umder_test:
.- Out p 8 /x! d value
-- Global data

CHECK_TIMBR (*SUN3_UNIX*", 0.0000, 0.000S);

-+ COMMENT ( "Rngueue 2nd item: BBRBB* ) ;

EXECUTE ( "BUFFER_INPUT_MSGS.BUYFER.RXNQURUR",

EXCEPTION_NOT_EXPECTED ) ;

begin

BUFFER_INPUT_MSGS.RNQUEUE (I => *BABBS®);
delay 1.0; -- Allow processing to be performed

exception
vhen others =>

ILLEGAL_EXCEPTION ( *Others" ) ;
end ;

-- COMMENWT ( *"Daq 1st queued item: BEBEB® ) ;
EXECUTE ( "BUTTRR_INPUT_MSGS.BUFFER.DRQUEUKR",
LS

&x¢ .. TION_WOT_EXPRCTED ) |

Figure 30-15 continued: ATH Test Script for Testing Task BUFFER with Timing Analy-
sis
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begin

BUFFER_INPUT_MSGS.DEQUEUR ( RESULT );
delay 1.0; -- Allow processing to bs performed

exception
vhen others =>

ILLEGAL EXCEPTION ( *Others® ) ;
end ;

CHERCK (°DEQEURD VALUR", RESULT, °*AAMA);
CHECK_TIMER ("SUW3_UMIX®, 0.0000, 0.000%5);

BUFPFRR_INPUT MSGS.DEQUEUR ( RESULT );
dalay 1.0; -- Allow processing to be performsd

exception
when others e>

ILLEAAL EXCEPTION ( "Others” )} ;
end ;

DOME ;
CHECK ("DEQRUED VALOUB®, RESULT, °*BBBEB");

Figure 30-15 continued: ATH Test Script for Testing Task BUFFER with
Timing Analysis

77




AaTRST Haxmees (¢} IPL Information Processing Ltd, 1990-93
Varsion 2.3
License No: SPLO0222 (Institute of Defence Analyses)

............ L L L e L T R R LR R R

Test Results for : TRST_BUFFER
System Configured for : SUM3_UMIX
Test Run on 19 MAY 1993 at 12:03:2)

START_SCRIPT: TEST _BUFFERR , SUM3_UMIX ;

-- A series of tests to check handling of FIFC qusue
RESET _TIMEBR ;

Exception_Wot_Kxpected ;
OONE : BUFFER_INPUT_MSGS.BUPFER.KNQURUE ;

CHMECK_TIMERR: ( SUM3_UNIX ) ;PASSED
TIMER_VALOE = 0.000 seconds.

DOME: BUPFER_INPUT_MSGS.BUFFER.ENQURUR ;

EXECUTR: BUPFER_INPUT_MSGS .BOFFER.DEQUESUS ,
Expected Calls =
Ll ]

Exception_Wot_Expacted ;
DOWR: RUPYER_INPUT_MSGS.BUPFER.DEQUEUE ;
CHECK ( DEQEUED VALUE ) ;DASSED

Item *ARAAA®

CHMECK_TIMER: ( SUM3_UNIX ) ;PASSRD
TIMER_VALUE = 0.000 seconds.

Figure 30-16. ATH Results of Testing BUFFER with Timing Analysis
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EXRCUTE: BUFFER_INPUT_MSGS .BUFFER.DEQUEUR ,
Rxpected Calls =

Rxception_Not_Kxpected ;
DOME: BUPFRR_INPUT W5GS.BUFFER.DEQUEUE ;
CHECK ( DEQEURD VALUE ) ;PASSED

Item "BABRR*

END_SCRIPT: TRST_BUPFER ;

Test Resulte for TEST_RUPFER
Test run cospleted at 12:03:27

Script Brrore 0
Checks Passed : 4
Checks Failed : 0
Checks Ignored : 0
Paths with Stub Failures 0

................................................................................

Overall Test PASSED

Figure 30-16 continued: Resuits of Testing BUFFER with Timing Analysis
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-- with PACKAGE_UMDER_TEST:
with BUPFER_INPUT_MSGS;

use BUFFER_INPUT M3GS;

-+ with any Refersnced Packages:
with DRPINITIONS, PORMAT:

use DEFINITIONS, PORMAT;

-- Test script requires the use of the ATH_COMMNDS packags:

-- OPEN BCRIPT
procedure TEST_BUFFER is
- beclare work variables:
type ACTION_TYPR is (EWQUEUS, DRQUEUR) ;
type TEST_DATA is record
ACTION : ACTION TYPK;
EWQUEUE_INPUT : CP_POWMAT;
DEQUEUR_RESULT : CP_FORMAT;
end recorxd;
TARLR : constant array (1..13) of TRST_DATA :=
{2 &> (ACTION »> ENQUSUR, EWQURUR_INPUT => "AAAMA®, DEQURUB_RRSULT «> *IIXZZ®)
2 => (ACTION => ENQUEUS, SNQUSUR_INPUT => *BEBBB*, DESQUSUX_RRSULT => "IZZZ2")
3 «> (ACTION => ENQUEUE, ENQUSUR_INPUT s> "CCCCC®, DEQUEUB_RESULT => *ZZ2IZ*)
4 => (ACTION => BWQUEUR, EWQUEUR_INPUT => "DDDDD®, DEQUEUR_RERSULT => “ZXIEZ")
5 => (ACTION «> BMQUEUR, RNQUEUR_INPUT => °BEEER", DREQUEUR_RESULT => “IZLZLZ")
6 => (ACTION «> ENQUEUE, ENQUEUE_INPUT «> "FPFPPF:, DEQUEUR_RESULT => “IEXSZ")
7 => (ACTION => m, ENQURUR_IRFUT => "GGGGG", DEQUEUE_RESULT > *ZXIIL*)
8 o> (ACTION => DEQUEUR, EWQUEUR_IRPUT => *YYYYY", DEQUEUE_RESULT => "AAMAA*)
9 a> (ACTION »> DEQUEUE, BNQUEUR_INPUT => °YYYYY®, DEQUEUE_RESULT => "BBBBB")
10 => (ACTION => DRQUEUE, EWQUEUB_INPUT => °YYYYY®, DRQUEUE_RESULT «> °CCCCC*

RESULT : CP_PORMAT;
begin
START_SCRIPT ( "TEST_BUPFER", °"SUNM3_UWIX* ) ;
COMMENT ( 'Auﬁotholt-mmwmunmm' )

fa:mrcanumumucp

EXECUTR ( "DUYPFER_INPUT _MSGS.BOYFER.* &
ACTION_TYPR’ IMAGE (TABLE (TEST_CASK) .ACTION] ,
o

EXCEPTION_NOT RXPRECTRD ) ;

if TABLE (TEST_CASE) .ACTION = EIQUEUE then

Figure 30-17. ATH Test Script for Table-Driven Testing of BUFFER
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BUPPER_INPUT_MSGS .EMQUBUS (I > TABLE (TEST_CASSE) . EMQUEUR_INDUT)
cloe

‘ SUFFER_INPUT_MSGS .DEQUEUR (RRSULT) ;
end if;
delay 1.0; -- Allow processing to be performed
axception
when othezrs w»
ILLBGAL_RXCEPTION ( *Others® ) ;
ead ;
. DOME ;

if TABLE (TEST_CASE) .ACTION « DEQUSUE then
CMECKX ("DEQEUED VALUR®, RESULT, TARLE(TEST_CASE) .DEQUSUR_RESULT) ;
end if;

...............................................................................

...............................................................................

Figure 30-17 continued: ATH Test Script for Table-Driven Testing of BUFFER
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MaTEST Harness (e) IPL Information Processing Ltd, 1990-93
Vexsion 2.3
Licenss No: 3PL0222 (Institute of Defence Analyses)

Test Results for : TRST_BUPFER
System Configured for : SUN3_UNWIX
Test Run on 21 MAY 1993 at 12:46:30

START_SCRIPT: TRST_BUFFER , SOM3 _UNWIX ;

-= A series of tests to check handling of FIFO quaue

------------ Seeseesceccoccceceas BND TEST ) -c-vcccnccrecceacanncaccenacans
---------------------------------- TBST 2 -c-cvccccscrocnamecancacencncnones
EXECUTE: BUFPFER_INFUT_MNIGS.RUPFER. ENQUEVE ,
Bxpected Calls =
L]

DONE: BUPFER_INPUT_MSGS .BUFFER.EWQUEUE ;

EXECUTE: AUFFER_INPUT_MSGS.BUFFER.ENQURUR ,
Rxpacted Calls =

Exception_Not_Sxpected ;
DONR: RUFFER_INPOUT _MEGS.BUFFER.ENQURDE ;

Figure 30-18. ATH Results of Table-Driven Testing of BUFFER

82




EXBCUTS: BUPFER_INPUT_MSGS .BUVFER . EWCUSUS |,
° EDxpected Calls =

Exception_Mot_Bxpected ;

Figure 30-18 continued: Results of Table-Driven Testing of BUFFER
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EXECUTE: SUFFER_INPUT_MSGS.SUFFER.DUQUEUR ,
Expected Calls »

Bxception_Not_Expacted ;

Iten “cocee
cesesecnas feeseenes ceeressannans EMD TEST 10 ----evwvovecmesvecmcanecuncnanns
e cestemennvecaas TEBT 11 cvcececncormconcuccecncatncaorans

EXECUTE: BUFPFER_INPUT_MSGS .BUPPER.DEQUSUR ,

Bxpected Calls «

s

Exception_Not_Sxpacted ;
DONE: SUFFER_INPUT_MSGS.SOFFER.DEQUEUR ;
CHECK ( DEQEURD VALUE )} ;PASSED

Item *“SEEEE®
-------------------------------- BMD TEST 12 -cececccceccccncncncccncsnnanncen
.................................. TRET 13 -ccvcccvscanccaconcsnconcacacsannn
RXRCUTR: BUPFER_INPUT_MSGS.BUFFRR.DEQUEUR ,
Expected Calls »

END_SCRIPT: TRST_BUFFER ;

Test Results for TEST_RUPFER
Test run campleted at 12:46:44

Script Exrors
Checks Passed
Chacks Failed
Checks lgnored

Patha with Stub FYailuzes : ©

............ R R R L L L LT T T P O e A R T Ry

Ovexall Test PASSED

Figure 30-18 continued: Results of Table-Driven Testing of BUFFER
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............................................................................

............................................................................

............................................................................

............................................................................

-- with any Referenced Packages:
with DEFINITIONS, FORMAT;
use DEPINITIONS, PFORMAT;

-~ Test script Tequires the use of the ATH_COMMANDE package:

use ADATEST NARNESS COMMMDS ;
-- OPEN SCRIPT
procedure TEST_BOVFER is
-- Declare work variables
RESULT : CP_PORMAT;
begin
START_SCRIPT ( "TRST_BUFFER", °“SUM3_UMNIX* ) ;
COMMENT ( "A saries of tests to check handling of FIFPO queus® ) ;
-- TRET PATHS
.- TEST CASE 1
START TRST (1) ;
-- COMMENT ( "Enqueue 1st item: AAMA® ) ;
EXRCOTE ( *BUFPFRR_INPUT_MIGS.SUPFER . ENQUEUR®,
‘Format.Time_Imege:1°,
KXCEPTION_WOT_SXPECTED ) ;
begin
BUPVER_INPUT_MNSGS.KNQURUR (I => "AAMAA") ;
delay 1.0; -- Allow processing to ba performed
exception
when others =>
ILLEGAL_KXCEPTION ( *Others" ) ;
od ;
DOWE ;
BMD_TRST ;
.- ‘TEST CASK 2

Figure 30-19. ATH Test Script for BUFFER with Sample Start Simulation
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...............................................................................

START_TEST (3 ) ;
-“CmMmNT ( *Baqueue ind item: SSASS* )

BXECOTR ( “BUPPFER_INPUT_MSGS.DUFFRR._ENQUSUR®,
*Fozmat.Time _Image:2°,
SXCEPTION_NOT_EXPECTRD )

pegin

SOFPER_INPUT_NMSGS .EKNQUEUR (I => *BREBS°);
dalay 1.0; -- Allow procassing to be performed

exception
whean others =>

ILLEGAL _EXCRPTION ( "Others*® ) ;
end ;

..............................................................................

mrrmr(a).
MI'mu:wu-:llllI'):

EXRCUTE ( *SUPFER_INPUT_MSGS.SUPFER.DEQUSUS",
*Format Time_lmege:3°,
RXCRPTION_WOT_XXPRCTED ) ;

begin

BUPPFRER_INPUT_MEGS.DEQURUS ( RESULT );

delsy 1.0; -- Allow p ing to be pexformed
exoception

when others s>
TLLEGAL_EKXCEPTION ( *Others® ) ;
end ;

L L R L LR L L N R L

...............................................................................

START_TRST ( 4 ) ;
- COMMENT ( "Dequeus 2nd queusd item: BBBES* ) ;
EXECUTE ( "BUFFER_INPUT_WSGS.BUFFSR.DEQUEUR®,
*Format . Time_Image:4°*,
EXCRPTION_WOT_RXPECTED ) ;

begin

SOPFER_INPUT_MBGS .DEQURUR ( RESULT );
delay 1.0; -- Allow processing to be pertormed

Figure 3C- i9 continued: ATH Test Script for BUFFER with Sample Start Simulation
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-+ Stub -m.txm Toquires the use of the ATH Stub Simulation package:
with ADATEST_HARNESS_STUS_SIMOULATION ;
use m_ma_lm_lmuu ;

-- It may require use of the Commands cr Generic Checks packages for Chacks:
-- with ADATEST_HARNESS_ COMOUDS ;

-+ use ADATEST_HARNRSS COMMAMDS ;

-+ with ADATEST_HARRESS GENERIC_CHECKS ;

-+ use ADATEST_HARNESS_GEMERIC_CMECKS ;

-- be are coded as Sep . 80 provide the Package name:
separate (Format)

-- Declare the Stud’s name and parameters:
function Time_Image (Clock _Time : in Calendar.Time) STRING is

-- Instantiations of G ic_Checks if ded :

-- Declare work variables if any, and if stub is a function, daclare a variable
-- of the correct type for rsturning set values:
RETURN_VALDE : STRING (1..20);

begin )
START_STUB ("Format.Time_Image®) ;

case CALL_REF is
when 1 =>
.- Cheack values of In parameters at point of call, if needed:

.- Set required Qut parameter values or value of return variable:
RETURM_VALUR := "-- Enqueuse time 1 --";
when 2 o>
RETURM_VALUR := *-- EnQueus time 2 --%;
when 3 =>
RETORN_VALUR := "-- Dequaue Cime 1 --¢;

Figure 30-19 continued: ATH Test Script for BUFFER with Sample Start Simulation
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when ¢ >
RETURS_VALUE :« *-- Daqueue time 2 --°;

-- At end of all clauses to deal with sxpectad calls, provide the Illegal_Call
»- handler:
vhen others a>
ILLEGAL_CALL REF ;
end case ;

XND_STOB ;

-- If Stub is a functiomn, recurn the return variable:
rotwrn (RETURN_VALUR) ;

-- Bxit the stud
end Time_lmage;

..............................................................................

Figure 30-19 continued ATH Test Script for BUFFER with Sample Start Simulation
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AMaTEST Harness {e) 3?L Information Processing Ltd, 1990-93
Varsion 2.3
License Mo: 8PL0222 (Institute of Defence Analyses)

.................................................................................

Test Results for : TEST_BUFPFER
System Configured for : SUN3_UNIX
Test Run on 320 MAY 19%3 at 13:15:09

START_SCRIPT: TEST BUPFER , SUMI _UMIX ;
-- A series of tests to check hamdling of PIFO queus

KXECUTE: BUFFER_INPUT_MIGS .BUFFER.ENQUEUS ,
Expected Calls =
"Format.Time_Image:1°
Exception_Not Bxpected ;

START_STUR: Fozmat.Time_lmage ;
CALL_REF: Reference 1, Call 1 ;

START_S7"-): Format.Time_Isage ;
CALL REF: Reference 3, Call 1 ;

D_S$TUB: Format.Time_Image ;

START_STUB: Format.Time Image ;

CALL_REP: Reference 3, Call 1 ;
END_STUB: Format.Time_Image ;

DOWE: BUFFER_INPUT_MSGS.BUPFER.DEQUEUR ;

Figure 30-20. ATH Results of Testing BUFFER with Sample Start Simulation




EXECOTE: BUFFER_INPUT_MNSGS.BUYFER.DEQURUR ,
Expected Calls =
*Format .Time_Image:4"
Bxception_Not_Expected ;

START_STUB: Pormat.Time_Image ;
CALL_REF: Refersnce ¢, Call 1 ;

SMD_STUB: Format.Time _Imags ;
DOME: BUFFER_INPUT_MSGS.BUFFER.DEQUEUR ;
CHRCK ( DEQEUED VALUR )} ;PASSED
Item *BRRRB*
sesecctecccncecmrccaananccaaaas RED TBST @ -----cccn--cccmccceacaccnacann..

END_SCRIPT: TRST_BUPFER

Test Results for TEST BUFFER
Test run cospleted at 13:35:13

Script Errors [
Chacke Passed 2 2
Chacks Pailed : 0
Chacks Ignored : 0
Paths with Stub Failures 0

Overall Test PASSED

Figure 30-20 continued: Results of Testing BUFFER with Sample Start Simu-
lation




«+ AJaTEST Instrumenter ATI V 2.1

-« {e) 1991-93 IPL Information Processing Ltd
-~ Pile type : Annotated Source Pile

-+ Time Tun : Pri May 28 10:01:59 1933

«- Pile name : buffer_imput _msge.atl

-+ Ingtrumsnted for :

.- static Analysis

.- pacision Coverage
-- Statement Covsrage
.- Excsption Coverage
. soclean Coverage

vecceasanne tresstesascssnanavesEEetRannane eessamesncccaasennans ceemasmnea

: -+ buffer_input_megs.a - non-gsneric code to work around VADS probles

1

2 H

3 : with Definitions; use Definitioms;

¢ :  package BUFFER_INPUT_MGS is

H :

[ : SIZR : NMATURAL:=MAX_CP_MSGS;

7 H

[ ] ' procedure ENQUSUR (I:in CP_PFORMAT);
9 : procedure DEQUEUR (X:out CP_PORMAT) ;
10 : pragma INLINE (RWQUEUE,DEQUEUR) ;

1 :

12 :  end BUPFER_INPUT_MSGS;

13

14 : with Text_3o;

15 :  with Calendar;

16 :  with Pormat;

17 : package body BUPFER_INPUT_MSGS is

18 H

19 : task BUFFER is

20 : entyy EWQURUR (I:in CP_FORMAT) ;

F3% : entry DEQUEUER (I:out CP_FORMAT) ;

a2 : end BUFFER;

a3 :

4 : ctask body BUPFPER is

as :

26 : subtype INDEX_TYPE is POSITIVE range 1..S13E;

27 : subtype COUNT_TYPE is MATURAL range 0..8513R;

as : sor : array (IRDEX_TYPE) of CP_FONMAT;

29 : INSRRT : INDEX _TYPR:el;

30 H REMOVE : INDEX_TYPR:wl;

n H COUNT : COUNT_TYPR:e0;

32 B ™e : CP_FORMAT;

3 H

34 H begin .

as : while not Finished loop

36 : select

3?7 : accopt ENQURUR (I:in CP_FORMAT) do

30 : if Definitions.Debug than

39 : Text_Io.Put_Line (Pormat.Time_Image (Calendar.Clock) & * *
40 3 *‘Suffer_lnput_Msgse about to engqueve: * & I);
41 B end if;

92 : if COUNT<SIZE then -- check if request igmored

80 : eod BUFFER_INFUT_MSGS;
[} H

Figure 30-21. ATI Static Analysis of BUFFER Package
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AMALYSIS REPORT

PP 664444644403 tbd bbb desd PSP PP *e >

Analysis report on file buffer_input_msge.a

Measure Value
COMMENTS 1
COMMENT_LINES 1
ADA_CODE_LINRS 4
LINES_IN_SOURCE_VILE 31
TOTAL_UMITS_IN_SOURCE_PFILE [ ]
PRMBES [}
WITH_CLAUSKS 4
USE_CLAUSES 1
COMPILATION_UNITS 2
PACKAGE_SPECIFICATIONS 1
SUBPROGRAM_SPECIFICATIONS [}
GENERIC_SPECIFICATIONS []
PACKAGE_BODIRS 1
SUBPROGRAN_BODIES [
GENERIC_INSTANTIATIONS [}
SUBUMITS []
--------------- vemecvescscoccccs KND OF RBPORT -c-vccccccccnccnucenconcnannnann
Analysis report on package specification SUPFER_INPUT_MSGS

Measure Value
TOTAL_LINES [ ]
COMMENTS 0
COMMENT_LINRS 0
ADA_CODE_LINERS s
LINES_IN_SOURCE_FILE 31
TOTAL_UNITS_IN_SOURCE_FILE
PRAGMAS 1
WITH_CLADSES 1
USE_CLADSES 1
DECLARATIVE_STATEMENTS 3
GEMERIC_DECLARATIONS [
GENERIC_INSTANTIATIONS 0
UMCHRECKRD_DRALLOCATIONS []
GNCHECKED _CONVERSIONS []
DERIVED_TYPR_DEFINITIONS [
ALLOCATORS [}
LOGICAL_OPERATORS 0
RELATIONAL_OFERATORS []
BINARY_ADDING_OPERATORS [}
THARY_ADDING OPERATORS [}
MOLTIPLYING OPERATORS [}
¥ IGHMEST_PRECEDENCE_OPERATORS ]
SHORT_CIRCUIT_CONTROL_PFORMS [
MEOBERSHIP_TESTS ]

Figure 30-21 continued: AT Static Analysis of BUFFER Package

92




TOTAL_LINES 10
COMMENTS 0
COMMEWT_LINES 0
ADA_CODE_LINES s
LINES_IN_SOURCE_PILE PYY
TOTAL_UNTTS_IN_SOURCE_PILE L
PRAMEOAS 0
WITH_CLAUSES 3
USS_CLAUIES 0
INNRR_USE_CLAUSES 0
PARNMETERS 0
DECLARATIVE_STATEMENTS 4
EXECUTARLE_STATEMENTS 0
GRMERIC_DECLARATIONS [
GREWERIC_IRSTANTIATIONS [}
UNCHRCKED_DEALLOCATIONS 0
ONCHECKED_COMVERSIONS 0
S0DY_STURS o
DERIVED_TYPE_DEFINITIONS (]
ALLOCATORS 0

:
;
s

q
]
|
5 a
cooeocco

-
-
E

'g
- -1

Figure 30-21 continued: ATl Static Analysis of BUFFER Package
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LOGICAL_OPERATORS 0
RETATIONAL_OPERATORS L]
BINARY_ADDING_OPEBATORS ]
OUMARY_ADDING_OPERATORS [
MOLYIPLYING_OPERATORS [}
NIGHRST_PRECEDENCE_OFPERATORS 0
SHORT_CIRCUIT_CONTROL_POTSLS °
MBRRERSNIP_TRSTS [}
UMPROCESSED_BEXRS [
MAXINOM_STATEMENT NESTING [}
AVERAGE_STATRMENT _WRSTING 0.00
MCCARR 1
NYERS_MCCABE_LOWER b
WYERS_MCCARR_UPPER 3
NALSTEAD_WOM_UNIQUE_OPERATORS [}
EALSTEAD_TOTAL_NM_OPERATORS o
MALSTEAD MWOM_UWIQUE_OPERANDS 4
HALSTRAD_TOTAL_WKM_OPERANDS -]
HALSTEAD_LENOTH s
HALSTEAD_VOCABULARY 1
HALSTRAD | )_LENGTH 8.00
NALSTEAD_| ’_RATIO 1.33
EALSTEAD_VOLUME 13.93
BALSTEAD_ESTIMATED ERRORS 0.00
NALSTEAD_POTRNTIAL_VOLIAME 2.00
HALSTRAD_LEVEL_OF_ABSTRACTION 0.1¢
RALSTERAD_RST_ LEVEL _ABSTRACTION 1.60
RALSTEAD_PROGRAM_KFFORT 27.04
HALSTREAD TIMR_RSTIMATE 5.39
NALSTEAD_DIFFICULTY .97
NALSTEAD_LANGUAGE_LEVEL 0.29
EALSTEAD_. _COWTENT 22.29
HANSEN_CYCLOMATIC_ IR 3
HARSEN_OPERATOR_COUWT [
................................ BD OF REPORT -cccccccccsccvvaccccasvsannammne
Analysie veport on task BUPFER_INFUT_MIGS.BUFFER

Measure Valus
TOTAL_LINES 40
COMMENTS 1
COMMENT_LINES 0
ADA_CODR_LINRS 3
LINES_IN_SOURCE _PILE [ )
TOTAL_UNITS_IN_SOURCE_FILE [}
PRARIAS [}
WITH_CLADSES ]

Figure 30-21 continued: ATl Static Analysis of BUFFER Package
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Figure 30-21 continued: ATl Static Analysis of BUFFER Package
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AVERAGS_STATEMEWY MESTING mn

NALSTEAD_WOM_UWIQUE_OPERATORS 18
NALSTEAD_TOTAL_WOM_OPERATORS '
NALSTEAD_WOM_UMIQUE_OPERANDS £ 38
NALSTEAD_TOTAL_WXM_OPERANDS .
RALSTEAD_LEWGTY 147
NALSTEAD_VOCABULARY )

228.64
1.56
825.3¢
0.26
3.00
0.01
0.04
85152.88
4730.72
103.17
0.08
34.28

5.5
gg
gl
og

%5
it

?;
;
|

.§.§.§
1
. ggg

RARSEN_CYCLOMATIC_WOM s
HARSEN_OPERATOR_COUNT 2]

teecesescesvencccacvevanccesssas END OF REPORT --c-scev-cccsascmcocioos P,

vhllylil report on procedurs SUFFER_INPUT_MAGS . ENQURUE

Measure Value
TOTAL_LINES 7
COMMENTS 1

eecneasmemsrecanmanemonne receman D OF RBPORT ----se-c-eccseemaassscnscascs

mx;n- :c;cct on pmm:mm;m_m.mal i

' BMD OF AMALYSIS REPORT

Figure 30-21 continued: AT Static Analysis of BUFFER Package




............................................................................

............................................................................

-+ with any Referenced Packages:
with DEFINITIONS, FORMAT;
use DEFINITIONS, FORMAT;

-+ Test script requires the use of the ATH_COMMAMDS and AMALYSIS packages:
wich ADATEST _HAMESS COMMANDS ;

.............................................................................

.............................................................................

-- Instanciations of Generic_Checks if needed:

-« Declare work variables:
RRSULT : CP_FORMAT;

begin

START_SCRIPT ( "TRST_BOUFFER®, *SUNM3_UWIX® ) ;
INTTIALISE_AMALYSIS ;

SET_TRACE ( TRACE_FULL ) ;

START_COVERAGE ;

COMMENT ( A series of tests to check handling of FIPO queus® ) ;

...............................................................................
...............................................................................

START TBST (1) ;
-- COMMENT ( *Bagqueus 1st item: AMAMAA® ) ;
EXECUTR ( *BUFFER_INPUT_NSGS .BUFFER.ENQUNDR",
ae
EXCRPTION_WOT_EXPECTED ) ;
begin
delay 2.0;
BUFFRR_INPUT_MIGS.EWQUEUE (I => "AMARMA®) ;
delay 1.0; -- Allow processing to be perfoxmed
exception
when others =>
ILLEBGAL_EXCEPTION { "Othezs® ) ;
end ;
DOME ;

EMD_TEST ;

Figure 30-22. ATA Test Script for Coverage and Trace Analysis of BUFFER Pack-
age




-« COMMERNT { *Bnqueus 2nd item: BRBRB" ) ;

EXECUTE ( "SUFFER_INPUT_M3GS.BUFFER.ENQUSUR",

(1)
.

EXCEPTION_NOT_RXPECTED ) ;
begin

delay 2.0;
BUFVER_INPUT_MSGS.EWQUEUE (I => "BEESS");
delay 1.0; -- Allow processing to be performed

sxception
when others =>
ILLEGAL_EXCEPTION ( *Othexe” )} ;

...............................................................................

...............................................................................

START _TRST (3 ) ;
-- COMMENT { "Dequeus lst queued item: AMAAR® ) ;

BXECUTE ( *BOFFER_INPUT_MSGS .BUFFVER.DEQUSUR®,

EXCEPTION_NOT_KXPECTED ) ;

begin
delay 2.0;

SUFFER_INPUT_MSGS .DRQURUR ( RESULT );
delay 1.0; -- Allow proocessing to be performed

...............................................................................

...............................................................................

START_TEST (4 ) ;
-+ COMMENT ( “DeQueue 2nd queued item: BABEB" ) ;

EXECUTE { *BUPFER_INPUT_NSGS.BUYPFER.DEQUEUB®,

EXCEPTION_WOT_EXPRCTED )} ;

Figure 30-22 continued: ATA Test Script for Coverage and Trace Analysis of BUFFER
Package
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bagin

delay 2.0;
BUPFER_INPUT_MSGS.DEQUEUR ( RRSULT )
delay 1.0; -- Allow processing to be parforsad

exception
when others =>
ILLEGAL_EXCEPTION ( “Othexe® ) ;

..............................................................................

-+« Use ATA directives to check and retrieve analysis information
CHECK_ANALYSIS (“BUPPER_INFUT_MSGS.BUFFER",
*STATEMRNT_COVERAGR" ,
100.00, 100.01) ;
CHECK_AMALYSIS (°BUFFER_INPUT_MSGS .BUFFER®,
*DBCISI0N_COVERAGE® ,
80.00, 100.00) ;
REPORT_AMALYSIS ("BUPFER_INPUT_NEGS.RUPFER®, "ALL®} ;
RESET_AMALYSIS ;

Figure 30-22 continued: ATA Test Script for Coverage and Trace Analysis of BUFFER
Package
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AdaTRST Harness {(c) IPL Inf ion P: ing Led, 19%0-93
Vexsion 2.3
License No: 5PL0222 (Institute of Defence Analyses)

................................................................................

Test Results for : TEST_BUFFER
Systes Configured for : SUMI_TMIX
Test Run on 328 MAY 1933 at 10:46:15

START_SCRIPT: TEST_BUFFER , SUM3_UNIX ;

INITIALISE_ANALYSIS : ANALYSIS mode : TRACE OFF ;
SET_TRACE: TRACE_PULL ;
START_COVERAGE: TRACE_YULL ;

-« A series of tests to check handling of FIFO gueue

TRACE: task BUPFER_INPUT_MSGS.BUFFER ;
TRACE: Line 39 ;
TRACE: line 39 : while-loop : Top-Of-Loop ;
TRACE: Line 40 ;
TRACE: procedurs BUFFER_INPUT_MSGS.ENQUEUR ;
TRACE: Line 76 ;
TRACE: task RUFPFER_INPUT MSGS.BUFFER ;
TRACE: Line 42 ;
TRACE: Line 42 : if : TROX ;
TRACE: Line 43 ;
TRACR: Line 46 ;
TRACE: Line 46 : if : TROR ;
TRACE: Line 47 ;
TRACE: Line 48 ;
TRACR: Line 49 ;
TRACR: Line 51 : task-s-acoept ;
TRACE: procedure BUPFER_INPUT_MSGS.ENQURUE ;
TRACE: Line 77 : select-call ;
TRACE: task BUPFER_INPUT MSGS.BUPFER ;
TRACE: Line 3% : while-loop : Dotrom-0f-Loop ;
TRACE: Line 3% : while-loop : Top-Of-Loop ;
TRACE: Line 40 ;
DONE: BUFFER_INPUT_MSGS.BUFFER.ENQUEUXR ;
-------------------------------- BED TEST )} c-c~cvvrercocecconcccccccnarveonn
STOP_COVRRAMGE ;
SET_TRACE: TRACE_OFF ;
START COVRRAGE: TRACK_OFF ;
---------------------------------- TBET 2 ~--vccercrcmcenccccrncncccencccacs

Figure 30-23. ATA Results for Coverage and Trace Analysis of BUFFER Package
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EXECUTE: SUFPVER_INPUT_WI0S.BUFFER.EWQUEUR
Bupected Calls =
(1]

Exception_Mot_Sxpected ;

DOME: BUPFER_INPUT_MSGE . BUFPER. ENQUEUR ;

Exception_Not_Rxpected ;
DOWE: BUFPFER_INPUT_MSGS .BUPFER.DEQUSUR ;

CHECK ( DEQUEURD VALUE ) ;PASSED
Item "REBES*
................................ BUND TBET 4 ~~-v-cvscv-eescccccnccocancansnnnc

STOP_COVERAGE ;
CHECK_AWALYSIS ( BUPFRR_INPUT_MIGS.BUFFER,
STATEMENT_COVERAGE ) ;PASSRD
Value 100.00 &
Lower Limit 100.00 %
Opper Limit 100.01 &
CHECK_ANALYS1S ( BUFFER_INPUT _MSGS.BUFFER,
DECISION_COVERAGE ) ;>>PAILED
Value 54.55 %
Lower Limit 80.00 &
Upper Limit 100.00 &
REPORT_AMALYSIS ( BUFPER_INPUT_MSGS.BUPFER,

ALL )
Analysis Report for DECISION_COVERAGE ; .
Unit Name ¥ Value
BUFPFER_INPUT_MSGS.SUFPFER $4.58 &
Total cutcomes 1
Total cutcomes exercised ¢
Average 54.55 &
* + + +++ E0d of REPOIT +et4et anan +44 +

Figure 30-23 continued: ATA Results for Coverage and Trace Analysis of
BUFFER Package
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FEECP P PP ELE PP IR PR 20 G400 4044043400240 4 4042300000400 40 4044490444040 0 440040004
Analysis Rsport for EXCEFTTION_COVERAGE

e *eeee ‘oo

it Name Value
m m-m'm xoo.oo ‘ OO EROEC OO ONET TR NS
Total outcomes [}
Total outcomes exercised (]
Average 100.00 &
+eet00d4e . +++44+ End of Report +++ P *

G044 4400444000044 0400404404044 2444444424401 4404004444 444444444044

Analysis Report for STATEMENT COVERAGE
B P T T S T R W W S

unit Same Value
BUFPFER_INPUT_MSGS.BUPFER 100,00 ¢
Total cutcomes 14
Total outcomes sxsrcised 14
Average 100.00 &
+oseeee 444ttt btetttsssses Bnd of REpOTTL 44 .

Analyeis Report for TOTAL_LINRS
B e o e s e R R e s L e 1

Unit Rame Value
SUFFER_INPUT_WSGS . BUFFER 43.00 tenvne
Total 43.00
Rumber of units 1
Avarage 43.00
*4444 + 44440000444 B0d Of RAPOIT 444444444444 000 0444444445004 0+ 444

Analysis Report for COMMEWTS

aasd s addasd e s ddy

Onit Name Value
BUPFER_IMPUT_NSGS .BUFFER 1.00  eeeene
Total 1.00
Number of units 1
Average 1.00
+4444444404 44444444444 KN Of RAPOTL ++4+4 et L e Yo

B e o e e
Analysis Report for HAMSER_OPRRATOR_COUNT
R e S e e e e S e e e S e S R T e S e

Unit Rame Valus
BUFFER_INPUT_MSGS .BUFFER 77.00
Total 77.00
Wumber of units 1
Average 77.00

+oetbbits st ERd Of REPOTL +44444 044444440444 444 440404400044

RRSET_ANALYSIS: AMALYSIS mode, TRACE_OFF ;

EXD_SCRIPT: TEST _BUFFER ;

Test Results for TRST _BUFFER
Test run completed at 10:4€6:30

Script Errors : 0
Chacks Paseed : 3
Chacks Failed v 1
Checks Ignored FE ]
Paths with Stub Pailures : 0

LR R bt T o U

Ovarall Test FAILED

Figure 30-23 continued: ATA Results for Coverage and Trace Analysis of
BUFFER Package
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31. METRIC

METRIC is the newest member of Software Research’s Software Testworks (STW)
toolset (see IDA Paper-2769, pp. 25-1 to 25-35). It provides static code analysis and is
intended to support maintenance activities by computing several complexity metrics.
METRIC supports two of the most popular families of metrics: Software Science and
Cyclomatic Complexity.

31.1 Tool Overview

METRIC was developed by Software Research who have extensive experience in
the development and marketing of software testing tools. It was first added to STW in 1993,
and STW has over 3,500 licenses to more than 1,500 addresses worldwide. METRIC is a
language-independent tool supported by translators for Ada, C, C++, and Fortran. The
examination was performed on METRIC version 2.10 running on a Sun SPARC Station.
At the time of examination, the price for METRIC as a stand-alone product started at
$4,000, but when bundled with other STW components this price drops to as low as $775
a copy.

METRIC operates through a graphical user interface that employs pull-down
menus. Once invoked, the user starts by specifying the file(s) to be analyzed. This is done
by selecting either the Load Single File option and then choosing the appropriate file from
the file selection dialog box that pops up, or by selecting the Load Multiple Files option and
identifying the set of files to be processed. (The set of files can be identified by a pattern
match, by highlighting each file separately, or by specifying the selection of all files shown
on the file selection menu.) Once the user specifies that processing should continue, the
files(s) are automatically analyzed to determine their complexity.

The analysis generates a Complexity Report and a new window is automatically
created to present this report. The types of information included in the report are deter-
mined according to a set of predefined default values. Essentially, the Complexity Report
lists the encountered program units (in their order of occurrence) and the Software Science
and Cyclomatic Complexity measures for each. In order to help determine the most com-
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plex program units, METRIC allows the user to specify ordering the presentation of the
units in terms of ascending/descending value of any of 17 complexity measures. (Special
symbols in front of a program unit name are used to indicate a task or package.)

Additional textual reports are available through one of the menus. A Summary
Report presents an accumulated account of the complexity measure for the entire source
code analyzed. An Exception Report identifies those program units that violate predefined
maximum complexity values. A Generic Report lists, for each encountered generic unit, the
generic name, the number of times it is instantiated, and the names of instantiating units.
Two special reports are provided for packages. The first of these identifies packages that
violate predefined complexity standards. The second provides an intermediate summary
report at the package level.

In addition to this textual reporting, METRIC offers kiviat diagrams as a graphical
means to view the effect of applying multiple metrics to the source code. Three types of
kiviat diagrams are available, each providing an increasing number of metrics to offer more
detailed insights into the software. Each of these kiviat diagrams represents information
presented in the Summary Report. If desired, users can also define their own diagrams to
display selected metric values.

METRIC supports some tailorability through a special menu provided for setting
threshold values. Further tailoring is achieved by editing the configuration file; this allows
changing, for example, the default page length and the required minimum and maximum
estimated lengths of Ada packages.

METRIC also can be operated in command fine mode. In this case, the user simply
enters the METRIC command optionally followed by a series of options that determine the
types of textual output reports that are required. A separate command is provided for pro-
ducing graphical kiviat diagrams of the generated results.

31.2 Observations

Ease of use. METRIC is very easy to use, requiring no special knowledge on the
part of the user. Help boxes are available, although these only offer relatively high-level
information on various options. An Error Report is automatically produced if errors are
encountered during processing and analysis. This report provides information that is help-
ful in correcting the error situation.
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Documentation and user support. As always, Software Research’s documenta-
tion is extensive and very useful. In this case, the documentation includes discussions on
the development of complexity measures, the use of metrics to support both development
and maintenance activities, and a few words on the advisability of tuning metrics based on
historical data.

Ada restrictions. METRIC supports the full Ada language.
Problems encountered. No problems were encountered in the use of METRIC.

31.3 Sample Outputs

Figures 31-1 through 31-6 provide sample outputs from METRIC on the Ada Lex-
ical Analyzer Generator example.
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Figure 31-1. METRIC Kiviat Chart Definitions
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Figure 31-4. METRIC Complexity Summary Report for LL_COMPILE
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Figure 31-5. METRIC Reporting on Multiple Files
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32. McCabe Tools

The Battlemap Analysis Tool (BAT), Analysis of Complexity Tool (ACT),
McCabe Instrumentation Tool, SLICE, and CodeBreaker support the McCabe Structured
Testing methodology documented in NIST Publication 500-99 [NIST 1982]. BAT supports
examining software structure at both the program and module levels, it reports on software
complexity, generates call graphs and flowgraphs, and identifies needed test paths. BAT
also provides support for object-oriented applications via a Class Editor which allows the
user to group modules together into a class and then name it. ACT provides a subset of the
BAT functionality focusing on module level analysis. The McCabe Instrumentation Tool
supports coverage analysis. SLICE is a data-driven software visualization tool that allows
the user to examine the last execution path taken through a program. CodeBreaker com-
pares the structure of modules or programs to aid in the identification of reusable and redun-
dant code, the locating of a particular module within a large system, or identifying the scope
of needed regression testing. It also compares program implementation with design.

Additional tools, not examined here, are START, McCabe OO Tool, CaseBridge
and BattlePlan. START analyzes Data Flow Diagrams (DFDs) to compute requirements
complexity, identifies DFD components which may run asynchronously, and identifies end-
to-end-scenarios, both in terms of test conditions necessary to drive each data flow scenario
and in terms of data flows for acceptance testing. McCabe OO Tool provide static and
dynamic analysis for object-oriented designed software. CaseBridge provides both forward
and reverse engineering interfaces between BAT and the StP and Teamwork CASE sys-
tems. BattlePlan is a new tool; it is a front-end CASE tool that allows users to design new
applications and incorporate new functions into a system within the framework of reverse
engineering. The Inference Engine, a BAT option, provides a query language intended to
help a user identify where a design needs to be improved; this option was not examined.

McCabe Structured Testing is based on the cyclomatic complexity metric. This
metric has been the subject of several evaluations. In 1988, the Air Force Electronic Sys-

tems Division (ESD) adopted the measurement and control of cyclomatic complexity on all
of its contracts.
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32.1 Tool Overview

The McCabe tools were developed by McCabe & Associates. This organization
supports a user group and provides a newsletter and hot-line support to tool users. Training
seminars and consultancy services are also available. Most of the McCabe tools support
over a dozen languages and over two dozen dialects, including Ada, C, C++, Cobol, Pascal,
Fortran, and PL/1. The recently introduced McCabe Instrumentation Tool, however, cur-
rently only supports Ada, C, C++, Cobol, and Fortran. The tools also support Caine, Faber,
and Gordon PDL and those PDLs employed by StP and Teamwork. The tools are available
on a wide range of platforms, including Sun, Apollo, HP, and NCR Tower workstations
under Unix, DEC VMS and Ultrix systems, and the IBM PC under DOS. They use OSF/
Motif and OpenWindows as appropriate.

The tools are packaged in various ways. ACT, CodeBreaker, and the Instrumenta-
tion Tool can be invoked via the graphical McCabe Menu-Driven User Interface. BAT has
its own graphical user interface; with the appropriate licenses, CodeBreaker, the Instrumen-
tation Tool, and SLICE can be invoked from the BAT interface.

The evaluation was performed on McCabe tools version V19920601-1 13 CTS run-
ning on a Sun SPARCstation under Unix with OpenWindows. At the time of evaluation,
the price for ACT started at $11,500 and the price for BAT at $21,500. Other tools are pur-
chased in addition to BAT and the price for CodeBreaker started at $5,000; the price for the
McCabe Instrumentation Tool and SLICE, together, started at $5,000. McCabe & Associ-
ates will provide prospective users with a working example of the users’ own program.
Additionally, demonstration discs for ACT are currently available, and expected to become
available for the McCabe Instrumentation Tool in the near future.

Some aspects of tool usage are common to all of the McCabe tools. All Ada source
programs must be parsed before the tools can be run. Several different parsers are available
for Ada source code, the choice of which to use depends on the task at hand, for example
instrumentation or analyzing Halstead metrics. Each parser translates Ada source code into
McCabe intermediate files. By default, the parse library resides in the current directory; the
user must be careful when moving between directories not to create multiple parse libraries
and also to ensure that successive parses do not corrupt the parse library. While parsing in
correct compilation order is not necessary to use the full capabilities of ACT, it is recom-
mended. Access to the full capabilities of BAT requires parsing in compilation order.
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The tools use two configuration files to specify needed information. The System
Configuration File defines, for example, the chart plotter driver and applicable parsers. The
Program Configuration File defines the source files that make up each program.

Finally, tool operation can be modified via a set of commands given in an exclude
file. (Although the use of exclude files is only available under a BAT license, these special
files can be used to affect the output of other tools as well.) Exclude files can be used to
limit the level of calls from a module, exclude modules from analysis, or bind together
classes of similar modules. They can be used via either the graphical or command line inter-
faces, or through special entries in the Program Configuration File.

32.1.1 ACT

The ACT has two primary purposes: examining the control structure of a module
and generating the set of test paths needed for basis path testing. Basis path testing is a form
of structured testing where the minimum set of linearly independent paths through a mod-
ule are exercised. ACT can be applied to both PDL and source code.

Using one of the graphical user interfaces, the user starts the application of ACT by
identifying the program, file(s), or module(s) of interest. The various options and tool func-
tions are then invoked via pull-down menus. To aid in the examination of module control
structure, ACT generates flowgraphs that give a graphical overview of the structure of each
module. This special type of directed graph uses different colors, or line types if color is not
available, to distinguish between upward flows, a structured exit from a loop, and other
plain downward flowing edges. Similarly, edges for loops or loop exits are shown as curved
lines, whereas most other edges are straight lines. Flowgraphs are supported by annotated
source listings that relate a graph back to the source code. The final capability provided in
this category is the analysis of module complexity. ACT reports on complexity in terms of
McCabe’s cyclomatic, essential, and module design complexity, and using lines of code
and Halstead’s metrics.

ACT supports McCabe Structured Testing by deriving a basis set of end-to-end test
+ paths for a module. These test paths can be presented graphically as a path through the flow-
graph (cither superimposed on the flowgraph or showing test paths only) or listed textually
with their corresponding node numbers and test conditions. Some of the generated paths
may be unrealizable, for example, where there are data dependencies between conditions
that prevent a condition from taking on the values required to execute its branches. ACT .
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also gives the user the option to define his own set of test paths. This capability allows, for
example, eliminating unrealizable paths from the set of test paths derived.

32.12 BAT

BAT extends the functionality of ACT is several ways; primarily, it extends the stat-
ic analysis to address the integration complexity of source code and the generation of inte-
gration test paths. The following discussion just addresses the additional functionality
provided by BAT. Like ACT, BAT can be applied to PDL in addition to source code.

On its invocation, BAT starts by presenting a Battlemap display of the program
under examination. The main part of a Battlemap display is a structure chart that graphical-
ly displdys the modules in a program, or subsystem, and the calling relationships between
these modules. The cyclomatic and essential complexity of each module can be shown on
a Battlemap using the following symbols:

Low cyclomatic com-
plexity

Alternatively, on a color monitor, colors can be used to represent different complex-
ity levels. Special notations to represent iterative and conditional calls between modules are
available. Structure charts can be drawn in footprint, terse, or verbose detail, essentially
affecting how modules are identified. View options allow adjusting structure chart layout
and positioning within the structure chart; in this iast case, the user can search for a partic-
ular module on a large Battlemap display and the display will automatically reposition with
respect to this module. A variety of information can be called up by clicking on a module.
This includes the annotated source code listing, module flowgraph, module summary, test
path listings, and test path graphs. Free-form messages or specifications pertaining to a
selected module and even, on a Sun SPARCstation, audio notes to annotate a selected mod-
ule can be entered and retrieved. By clicking on a line between modules, the user can
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request a line Summary report. This gives the numbers of the connected modules, line type
(unconditional, conditional, iterative), and any invoked parameters. A Battlemap display
can be printed as a whole or as a set of subtrees. The print of the entire structure chart can
be compressed onto a single page or spread across several pages with special switches con-
trolling the use of off-page connector symbols. Other switches allow the user to set the
detail level and request the display of formal parameters on the printed structure chart.

Under its graphical interface, all BAT tools and options are invoked from the Bat-
tlemap display using pull-down menus. In addition to the cyclomatic and design complex-
ity analysis performed by ACT, BAT also examines essential complexity at the module
level to give a feel for the degree to which a module contains unstructured constructs.
Cross-referencing between modules is given by listings of called-by and calls-to relation-
ships. Additional textual information supporting the Battlemap display is a context listing
showing where modules are located and an index listing that maps module numbers to
module names. These listings can be sorted alphabetically, numerically, by position on Bat-
tilemap, or by complexity value.

To aid in understanding the design structure of a program, the user can request BAT
to generate the design subtrees embodied in the program. These subtrees are superimposed
on the Battlemap display and the user can step forward and backward through successive
ones. Textual listings of subtrees can also be generated, in this case giving the associated
end-to-end test conditions for each subtree that will support structured testing at the inte-
gration level. Subtree graphs and text can be generated at both the design and cyclomatic
complexity detail levels.

BAT performs static analysis on the program structure to report on its design - »m-
plexity and integration complexity. Both these metrics are based on module design com-
plexity and take account of the program’s architecture. Branch count metrics report on the
number of branches contained in each module. In addition to textual listings, graphical rep-
resentations of the McCabe and Halstead metrics are available. These graphical represen-
tations are a histogram, scatterplot, or kiviat diagram where the user can portray selected
default metrics or choose from a menu of the full set of McCabe and Halstead metrics. The
user can also change the threshold values assigned to chosen metrics.
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32.1.3 McCabe Instrumentation Tool

The McCabe Instrumentation Tool works with either ACT, for structural coverage
analysis at the unit level, or BAT, to support coverage analysis at both unit and integration
levels. Instrumentation is simple and performed similarly under both tools. When perform-
ing instrumentation from BAT, for example, the user only needs to specify the destination
of the instrumented files (necessary since otherwise original source files will be overwrit-
ten), the files to be instrumented, and the instrumenting parser in the Program Configuration
File, and request the export option. The instrumented files are then generated and written
to the specified directory. After the provided McCabe library of instrumentation routines
has been compiled, the instrumented files are compiled and linked as usual. When run, the
instrumented program creates a file of trace data which is subsequently imported back to
the BAT environment for analysis. BAT maintains a data base of test results so the results
of successive test runs can be accumulated for cumulative coverage reporting.

Coverage information is available textually and, using the capabilities of either
ACT or BAT as appropriate, graphically to provide a visual representation of test effective-
ness. At the module level, the tool reports on the tested, untested, and partially tested basis
paths. Tested and untested paths can be listed textually or graphically by, for example,
superimposing paths on the module flowgraph. A branch coverage report shows the number
of branches, the number tested, and the percent of branches tested for each module. In this
case the graphical equivalent is an edge coverage graph which is a subset of the full module
flowgraph (edges that do not lie on a tested path are omitted) and which gives a visual over-
view of unit test coverage. Finally, the actual complexity is compared to cyclomatic com-
plexity to give a module testedness report that can be used to identify modules requiring
additional attention.

Similar types of information are provided at the integration level, but here reports
address tested, untested, and partially tested subtrees. Again, information is available both
textually and graphically (this time superimposed on the Battlemap display). Two new met-
rics are used to relate achieved coverage to desired coverage. The design testedness metric
provides an overview of the testedness of the entire program, whereas the integration com-
plexity metric summarizes the number of subtrees at the design detail level.

118




32.1.4 SLICE

A software slice is defined as the set of code touched by one execution trace through
a program. Visualization of a slice is useful in, for example, debugging to identify where a
bug is located and the path and code associated with the bug. It can also be used to aid in
establishing the traceability between requirements and physical code by picking test data
that is representative of a particular functional requirements and obtaining the correspond-
ing execution slice.

The SLICE tool determines slices dynamically as a program executes with chosen
test data. It requires both BAT and the McCabe Instrumentation Tool. First the program is
instrumented to produce a trace file, executed with sample data and the trace file imported
back into BAT as discussed previously. The user then can access SLICE data in one of two
ways. To request SLICE information for a single module, the user can click on that module
on the Battlemap. BAT then displays the slice of code that was traversed during that mod-
ule’s execution. The slice is shown both graphically and textually. For the graphical view,
the module’s edge coverage graph is shown with the edges that were traversed during exe-
cution being denoted by a solid line. The textual view is presented alongside with the exe-
cuted path through the associated source code highlighted.

To view slice information for the program as a whole, or for several modules, the
user switches to the instrumentation mode within BAT; this causes the SLICE options dia-
log box to be displayed. Here, again, information is presented both graphically and textu-
ally. In this case, however, the edge coverage graph and associated text is presented for each
module in turn, in the order that the modules were executed. The user can step forward or
backward through the set of traversed modules. Other SLICE options allow the highlighted
text and edge coverage graph to be printed.

32.1.5 CodeBreaker

CodeBreaker is primarily used to compare the structure of two modules or two pro-
grams. This is used for purposes such as verifying that the restructured version of a module
preserves both the decision structure and the calling structure of the original, comparing an
original and modified module to determine the design paths that need regression testing,
and aiding in the identification of likely candidates for further examination as possible
redundant or reusable modules.
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The user can request the comparison of modules contained in either two specified
files or two specified programs. CodeBreaker then compares the designs of the selected
modules. It does this by generating a basis set of expanded or design-reduced paths through
the first module and examining each corresponding path through the second module for
matches or mismatches. The user can set switches that control what the tool classes as a
mismatch; these switches cause CodeBreaker to ignore condition names, module names, or
module calls. An additional switch specifies that attempts should be made to match the sec-
ondary module to any subgraph of the primary module. To aid in identifying likely candi-
dates for comparison, the user can also request a list of the modules in two programs sorted
by the weighted sums of their complexity metrics.

Program comparison is performed in a similar manner. Here CodeBreaker gener-
ates a basis set of integration paths through the first program and attempts to find a corre-
sponding subtree through the second program that “matches” each of these paths. Again the
user can request that module calls, modules names, and condition names be ignored. In this
case, an additional switch allows the user to specify the required level of comparison in
terms of module invocation depth.

For both module and program comparison, the output depends on the choice of
which object is treated as the primary object and which the secondary. For complete com-
parison results, each object should be examined in both roles.

32.2 Observations

Ease of use. Most of the tools have a graphical menu-driven interface for use with
windows and a command-driven interface for use when windowing is not available. In all
cases, the interfaces offer consistent usage; for example, if no program name is given for a
tool invocation, the default is taken from the Program Configuration File. The graphical
interfaces are uniformly easy to use. While not actually difficult to use, the command line
interface can require the user to give many arguments to invoke full tool flexibility and
power. This interface helps the user by allowing him to request information on the argu-
ments available with each command type.

Minor tailorability is allowed through the use of the system. def file. This file is
used to specify editor, parser, printer, and plotter information. It also provides for custom-
ization of font format, graph layout and notation, use of colors, threshold values for various
metrics, and special options for some tools. In addition, special environment variables
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allow, for exarhple, specifying a directory for the parse library to reside in. Users can have
their own version of the system.def file.

In addition to supporting flow drivers for HPGL plotters, HP Laserjet compatible
output for Unix and DOS, Postscript output, and scrn for DOS, these tools also support a
zoomflow driver that generates output for X-Windows and OpenLook users, allowing the
user to enlarge or reduce flowgraphs presented on the screen.

Documentation and user support. The tools are supported with extensive docu-
mentation. In a couple of cases, the documentation did not exactly match tool operation,
but these slight deviations caused little difficultly. McCabe & Associates was very helpful
and prompt in answering any questions that arose.

Instrumentation Overhead. The user can limit the amount of instrumentation per-
formed by explicitly identifying the files to instrument. Additionally, using the command
line interface, the user can specify which modules within a file to instrument. Full instru-
mentation of the Ada Lexical Analyzer Generator gave an increase in source code size of
28% and an increase in object code size of 15%.

Ada restrictions. These tools do not handle concurrent Ada programs. Tasks are
treated as sequential subprograms. Specifically, the select statement is treated similar to a
case statement, accept and abort statements are ignored, a rerminate alternative is treated
as a return statement, and a remote procedure call referring to an entry declared in another
task (¢) is translated to a call to the task (¢) itself. The Ada parser ignores exceptions that
can be raised implicitly by means of exception propagation. An explicit raise statement is
always translated to a rezurn statement regardliess of whether a handler is associated with
the exception. For convenience, all handlers attached to the end of a frame are grouped
together like a case statement and treated as a separate module. Extended names are not
used and the parser differentiates between overloaded or redeclared module names by
assigning version numbers to module names in the order of their arrival to the parser. Since
the parser does not remember the types and object declarations in programs, it is not able
to perform overload resolution when parsing a subprogram invocation that referred to an
overloaded subprogram name. Instead, it chooses arbitrarily from among the module
names that correspond to the overloaded subprograms. This may result in inaccuracies in
the BAT outputs.

Problems encountered. No problems were encountered in tool operation.
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32.3 Sample Outputs
Figures 32-1 through 32-40 provide sample outputs from McCabe tools.
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Program: ll_compile

Annotated Source Listing

File: /eval/mccabe/work/ll_compile.a

Language: inst_ada
Module Module

Letter Name v(G) ev(G) iv(G) Line Lines
A 1llfind 5 4 1 145 19
B liprtatring 3 3 2 168 8
c llprttoken 2 1 2 180 9
D llskiptoken 1 1 1 193 9
B llskipnode 1 1 1 206 10
F  llskipboth 1 1 1 222 11
G llfatal 1 b3 1 237 8
R get_character 3 1 3 251 12
1 cvt_string 3 1 1 275 10
J  make_token 11 1 7 286 39
K 1lnexttoken 2 1 1 340 8
L buildright 10 4 9 394 LY
M  buildselect 2 1 2 453 8
N readgram 6 1 s 463 35
O erase 3 3 1 508 13
P match 4 4 1 538 Y'Y
Q expand;1l 8 1 k] 554 38
R synchronize 9 ] 5 602 49
s testsynch 3 1 2 653 12
T parse 11 1 9 667 52
U llmain 1 1 1 721 4
v 11_compile 1 1 1 727 3

141 function LLFIND( ITEM: LLSTRINGS; WHICH: LLSTYLE ) return INTEGER is

142 -~ Pind item in symbol table -- return index or 0 if not found.

143 == Assumes symbol table is sorted in ascending order.

144 LOW, MIDPOINT, HIGH: INTEGER:

145 A0 begin

146 Al LOW := }1;

147 A2 HIGH := LLTABLESIZE + 1;

148 A3 Ad while LOW /= HIGH loop

149 AS MIDPOINT := (HIGH + LOW) / 2:

150 A6 if ITEM < LLSYMBOLTABLE(MIDPOINT).KEY then

151 A7 HIGH := MIDPOINT;

152 A8 elsif ITEM = LLSYMBOLTABLE(MIDPOINT).XEY then

153 A9 if. LLSYMBOLTABLE (MIDPOINT) .KIND = WHICH then

154 Al0 return( MIDPOINT );

155 else

156 All return( 0 );

157 Al12 end if;

158 else -- ITEM > LLSYMBOLTABLE (MIDPOINT) .KEY

159 A13 LOW 1= MIDPOINT « 1;

160 Ald ond if;

161 AlS end loop;

162 A16 return{ 0 ); -- item is not in table

163 Al7 end LLFIND;

Date/Time:12/28/92 14:01:23
Start Num of

Figure 32-1. ACT Annotated Listing for Function LLFIND
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METRICS FOR PROGRAM ll_compile

Mod #

MODULE

11find
llprestring
liprctoken
llskiptoken
llskipnode
11lskipboth
llfatal
get_character
cvt_string
make_token
llnexttoken
buildright
buildselect
readgram

erase

match

expand;l
synchronise
testsynch
parse

llmain
11_compile
get_char
chax_advance
look_ahead
next_character
next_identifier
next_spec_synm
next_string
advance
serge_ranges
alternate
char_range
restrict

tail
resolve_ambiguity
complete_alt
complete_concat
complete_opt
complete_pat
complete_patterns

lltakeaction

sum
mean

v{(G) ev(G) iv(G) ¢Lines Line ¢

rmer Coeee eeoer moamen ceosoe

[ S N S O N A )

-

[
WU W e UTNDR D W DN

[
WHh NDOEOBWKWWRMHRFMEPFWODMWANON

[y

NOHFVNTUVN NSO RNG WWM WIWM -

.
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402 127 270
6.28 1.98 4.22

Number of modules: 64

Figure 32-3. ACT Metrics Summary
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11£ind
llprtstring
llprttoken
llskiptoken
llskipnode
11skipboth
lifatal
get_character
cvt_string
make_token
llnexttoken
buildright
buildselect
readgram

erase

match

expand;1
synchronize
testsynch
parse

llmain
11_compile
get_char
char_advance
look_ahead
next_character
next_identifier
next_spec_sym
next_string
advance
nerge_ranges
alternate
char_range
restrict

tail
resolve_ambiguity
complete_alt
complete_concat
complete_opt
complete_pat
complete_patterns
concatenate
cvt_ascii

store_pattern
lltakeaction

Program: ll_compile

- w [
A VNDONMOVE®~LIINS

w
-2 .Y

o
QOO VENALSE NN WOFMNOODOOOROCOOAMNNWUKNDNWOMAMDODOODOOODOOOOO
0O OO OO OO0OOO0O0OVLOO0OOO0O0ODOOOCOCODOLOOODOOOODODOOOCODOOOQOQOO

190 0 0

Figure 32-4. ACT Line Count Report
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Program: ll_compile

N : Program length V : Program volume L : Program level
D : Program difficulty I : Intelligent content E : Programming effort
B : Brror estimate T : Programming time

Module Name N v L D b4 E B T
11find 74 459 0.05 21.5 21.4 9879 0.15 548.8
llprtstring 37 193 0.10 10.5 18.4 2024 0.06 112.¢
llprttoken 42 226 0.09 11.5 19.7 2604 0.08 144.7
1lskiptoken 42 226 0.08 12.0 18.9 2718 0.08 151.0
llskipnode 63 377 0.06 17.5 121.5 6590 0.13 366.1
1llskipboth 66 399 0.05 18.%5 21.6 7380 0.13 410.0
llfatal 38 199 0.09 11.0 18.1 2194 0.07 121.9
get_charxacter 40 213 0.09 11.0 19.4 2342 0.07 130.1
cvt_string 32 160 0.11 9.0 17.8 1440 0.05 80.0
make_token 211 1629 0.02 61.5 26.5 100193 0.54 5566.3
llnexttoken 39 206 0.10 10.5 19.6 2164 0.07 120.2
buildright 251 2001 0.01 67.5 29.6 135058 0.67 7503.2
buildselect 42 226 0.09 111.5 19.7 2604 0.08 144.7
readgram 176 1313 0.02 48.5 27.1 63674 0.44 3537.4
erase 38 199 0.10 10.5 19.0 2094 0.07 116.3
macch 47 261 0.07 14.0 18.6 3655 0.09 203.1
expand;1l 192 1456 0.02 S1.0 28.6 74272 0.49 4126.2
synchronize 250 1991 0.01 71.S5 27.9 142388 0.66 7910.5
testsynch 35 180 0.10 10.0 18.0 1795 0.06 99.7
parse 239 1888 0.02 66.5 28.4 125572 0.63 6976.2
1lmain 6 16 0.S0 2.0 7.8 31 0.01 1.7
11_compile 3 S 1.00 1.0 4.8 S 0.00 0.3
get_char 38 199 0.10 10.5 19.0 2094 0.07 116.3
char_advance 48 268 0.08 13.0 20.6 3485 0.09 193.6
look_ahead 17 69 0.22 4.5 15.4 313 0.02 17.4
next_character 114 779 0.03 33.0 23.6 25705 0.26 1428.1
next_identifier 86 553 0.04 25.0 22.1 13816 0.18 767.6
next_spec_sym 149 1076 0.02 43.0 25.0 46253 0.36 2569.6
next_string 79 498 0.04 22.5 22.1 11208 0.17 622.5
advance 2 114 779 0.03 33.0 23.6 25705 0.26 1428.1
mexge_ranges 40 213 0.09 11.0 19.4 2342 0.07 130.1
alternate 314 2605 0.01 89.5 29.1 233104 0.87 129%0.2
char_range 55 318 0.06 15.5 20.5 4929 0.11 273.8
Testrict 289 2363 0.01 82.0 28.8 193729 0.79 10762.7
tail . 320 2663 0.01 88.5 30.1 235677 0.89 13093.2
resolve_ambiguity 685 6453 0.01 190.0 34.0 1226008 2.15 68111.5
complete_alt 225 1758 0.02 61.5 28.6 108123 0.59 6006.8
complete_concat 225 1758 0.02 61.5 28.6 108123 0.59 6006.8
complete_opt 60 354 0.06 16.0 22.2 5671 0.12 315.0
store_pattern 122 846 0.03 32.5 26.0 27480 0.28 1526.7
lltakeaction 1234 12672 0.00 323.5 39.2 4099425 4.22 227745.8

Figure 32-5. ACT Halstead’s Metrics Report
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Program: 11l _compile

Module: 11find
Program length (N): 74
Program volume (V): 459
Program level (L): 0.05
Program difficulty (D): 21.§5
Intelligent content (I): 21.4
Programming effort (E): 9879
Error estimate (B): 0.15
Programming time (T): 548.8

Module: llprtstring
Program length (N): 37
Program volume (V): 193
Program level (L): 0.10
Program difficulty (D): 10.5
Intelligent content (I): 18.4
Programming effort (E): 2024
Brror estimate (B): 0.06
Programming time (T): 112.4

Module: llprttoken
Program length (N): 42
Program volume (V): 226
Program level (L): 0.09
Program difficulty (D): 11.5
Intelligent content (I): 19.7
Programning effort (E): 2604
Error estimate (B): 0.08
Programming time (T): 144.7

Module: llskiptoken
Program length (N): 42
Program volume (V): 226
Program level (L): 0.08
Program difficulty (D): 12.0
Intelligent content (I): 18.9
Programming effort (E): 2718
Error estimate (B): 0.08
Programming time (T): 151.0

Module: lltakeaction .
Program length (N): 1234
Program volume {(V): 13672
Program level (L): 0.00
Program difficulty (D): 323.5
Intelligent content (I): 39.2
Programming effort (B): 4099425
Error estimate (B): 4.22
Programming time (T): 227745.8

Figure 32-6. ACT Verbose Halstead’s Metrics Report
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Program: ll_compile

Module Name Uniq Op Uniq Opnd Total Op Total Opnd
11find 43 31 43 31
llprtstring 21 16 21 16
llprttoken 23 19 23 19
llskiptoken 24 18 24 18
llskipnode 35 28 3s 28
1llskipboth 37 29 37 29
l1lfatal 22 16 22 16
get_character 22 18 22 18
ovt_string 18 14 18 14
make_token 123 88 123 88
llnexttoken 21 18 21 18
buildright 135 116 135 116
buildselect 23 19 23 19
readgram 97 79 97 19
erase 21 17 21 17
mactch 28 19 28 19
expand;1 102 90 102 20
synchronize 143 107 143 107
testsynch 20 15 20 15
parse 133 106 133 106
llmain 4 2 4 2
11_compile 2 1 2 1
get_char 21 17 21 17
char_advance 26 22 26 22
look_ahead 9 8 9 8
next_character 66 48 66 48
next_identifier ] 36 S0 36
next_spec_sym 86 63 86 63
next_string 45 34 45 34
advance 66 48 66 48
nerge_ranges 22 18 22 18
alternate 179 135 179 135
char_range 3 24 31 24
restrict 164 125 164 125
tail i 143 177 143
resolve_ambiguity 380 305 380 105
complete_alt 123 102 123 102
complete_concat 123 102 123 102
complete_opt . 32 28 32 28
complete_pat 128 100 128 100
complete_patterns 11 10 1 10
concatenate 27 18 27 18
cvt_ascii 89 82 89 82
store_pattern 6S 57 6S s7
lltakeaction 647 587 647 587

Figure 32-7. ACT Halstead’s Operand Count Report
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Cyclomatic Test Paths Listing

Program: ll_compile
Date/Time:12/28/92 14:27:43

Module Name: ll€find Complexity: S

Test Path 1: 0 1 2 3 15 16 17
148¢ 3}: low /= high ==> FALSE

Test Path 2: 0 1 2 3 45 6 7 14 3 15 16 17
148 ¢( 3): low /= high ==> TRUE
150¢ 6): item < llsymboltable(midpoint).key ==> TRUE
148¢( 3): low /= high ==> FALSE

Test Path 3: 0 1 2 3 45 68 9 10 17
148¢( 3): low /= high ==> TRUI
150¢( 6): item < llsymboitable(midpoint).key ==> FALSE
152¢( 8): item = llsymboltable(midpcint).key ==> TRUE
153( 9): llsymboltable(midpoint).kind = which =2=> TRUE

Test Path 4: 0 1 2 3 45 6 8 13 14 3 15 16 17
148¢( 3): low /= high s=> TRUE
150¢( 6): item < llsymbcltable(midpoint).key ==> FALSE
152¢ 8): item = llsymboltable(midpoint).key ==> FALSE
148¢( 3): low /= high ==> FALSE

Test Path 5: 0 1 2 3 456 8 9 11 17
148¢ 3): low /= high ==> TRUE
150¢( §): item < llsymboltable(midpoint).key ==> FALSE
152¢( 8): item = llsymboltable(midpoint).key ==> TRUE
1583 9): llsymboltable(midpoint).kind = which ==> FALSE

Module Name: llprtstring Complexity: o

Test Path 1: 0 1 2 8 9 10
170¢( 2): i in str’range ==> FALSE

Test Path 2: 0 1 23 458910
170¢ 2): i in str’‘range ==> TRUE
171¢( 4): str(i) = * ' ==> TRUE
Test Path 3: 0 1 23 467 28 9 10
170( 2): i in str’range =z=> TRUE

171¢ 4): str(i) = * *' ==> FALSE
170¢( 2): i in str’range ==> FALSE

Module Name: llprttoken Complexity: 2

Test Path 1: 0 1 2 5 6
181¢( 1): llcurtok.printvalue(l) in !’ .. "’ ==> TRUE

Test Path 2: 013 456

Figure 32-8. ACT Cyclomatic Test Paths Listing
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181 ¢ 1): llcurtok.printvalue(l) in ‘!’ .. ‘"’ =x> FALSE

Module Name: llskiptoken Complexity: 1

Test Path 1: 0 1 23 45678

Test Path 56: 0 1 136 137 165 166
28( 1): caseindex ==> 55

Test Path S57: 0 1 138 139 165 166
28¢ 1): caseindex ==> S6

Test Path 58: 0 1 140 141 142 165 166
28( 1} : caseindex ==> 57

Test Path 59: 0 1 143 144 165 166
28( 1): caseindex =x=> 58

Test Path 60: 0 1 145 146 147 165 166
28( 1): caseindex ==> 59

Test Path 61: 0 1 148 149 165 166
28( 1): caseindex ==> 60

Test Path 62: 0 1 150 151 152 165 166
28( 1): caseindex ==> 61

Test Path 63: 0 1 153 154 165 166
28¢ 1): caseindex ==> 62

Test Path 64: 0 1 155 156 165 166
28¢( 1): caseindex ==> &3

Test Path 65: 0 1 157 158 165 166
28¢( 1): caseindex ==> 64

Test Path 66: 0 1 159 160 165 166
28¢( 1): caseindex ==> 65

Test Path 67: 0 1 161 162 165 166
28¢( 1): caseindex ==> 66

Test Path 68: 0 1 163 164 165 166
28( 1): caseindex =x> others

Figure 32-%. continued. ACT Cyclomatic Test Paths Listing
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Tested Cyclomatic Test Paths Listing

Program: 11l_compile

Module Name: llfind

Test Path 1: 0 1 2 3 45

345689101

148¢
150¢(
182¢(
148¢
150¢(
152¢(
148¢(
150¢(
148¢(
150¢(
152¢(
148¢(
150¢
152¢
1583¢(

3):
6):
8):
3):

low /=
item <
item =
low /=

: item <
: item =
: low /=
: item <
: low /=
t item <
: item =
: low /=
: item <
: item =
: llsymboltable(midpoint) .kind = which ==> TRUE

6813 14 3 456 8 13 14 3

high ==> TRUE
llsymboltable (midpoint) . key
llsymboltable (midpoint) .key
high ==> TRUE
llsymboltable (midpoint) . key
llsymboltable (midpoint) .key
high ==> TRUE
llsymboltable(midpoint) .key
high ==> TRUE
llsymboltable (midpoant) .key
llsymboltable (midpoint) . key
high ==> TRUE
llsymboltable (midpoint) .key
llsymboltable {(midpoint) . key

Test Path 2: 01 23 4567 14345689 1017

148¢
150¢(
148¢(
150¢(
152¢(
153¢(

3):
6):
3):
6):
8):
9):

low /=
item <
low /=

high ==> TRUE
llsymboltable (midpoint) .key
high ==> TRUE

Date/Time:12/28/92 13:36:11
Complexity: S
4 567 143456813 14
==> FALSE
==> PALSE

==> FALSE
zz> PALSE

==> TRUE

==> FALSE
==»> FALSE

==> FALSE
==> TRUE

==> TRUE

item < llsymboltable(midpoint).key ==> FALSE
item = llsymboltable(midpoint) .key ==> TRUE
llsymboltable(midpoint) .kind = which ==> TRUE

Test Path 3: 01 2345

68910 17
148¢
150¢(
152¢(
148¢
150¢(
148¢(
150¢
148¢
150¢
148¢(
150¢(
152¢
1583¢(

3):
6):
8):
3):
6):
3):
6):
3):
6):
3
6):
8):
9):

low /=
item <
item =
low /=
item <
low /=
item <
low /=
item <
low /=
item <
item =

6813 14 34567 21434

high ==> TRUE
llsymboltable (midpoint) .key
llsymboltable (midpoint) .key
high ==> TRUE
llsymboltable (midpoint) .key
high ==> TRUE
llsymboltable (midpoint) .key
high ==> TRUE
llsymboltable (midpoint) .key
high ==> TRUE
llsymboltable (midpoint) .key
llsymboltable (midpoint) .key

$67 143456714345

==> FALSE

==> FALSE

==> TRUE

==> TRUE

==> TRUE

==> FALSE
==> TRUE

llsymboltable (midpoint) .kind = which ==> TRUE

Test Path 4: 0 1 2 3 4567 14 3456813 14 3456813 14 3456714 3 4
S 68 13 14 3 15 16 17

148¢(
150¢
148¢(

3):
6):
3):

low /=

high ==> TRUE

item < llsymboltable(midpoint).key ==> TRUE

low /=

high ==> TRUE

Figure 32-10. ACT Tested Cyclomatic Paths Using testl.lex and sample.lex
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150¢( 6): item < llsymboltable(midpoint).key =a> FALSE
152¢( 8): item = llsymboltable(midpoint).key ==> FALSE
148¢( 3): low /= high ==> TRUE
150¢ 6): item < llsymboltable(midpoint).key ==z> FALSE
152¢ 8): item = llsymboltable(midpoint).key =a> FALSE
148¢( 3): low /= high ==> TRUE
150¢( 6): item < llsymboltable(midpoint).key ==> TRUE
148¢ 3): low /= high ==> TRUE
150¢( 6): item < llsymboltable(midpoint).key ==> FALSE
152¢( 8): item = llsymboltable(midpoint).key ==> FALSE
148¢( 3): low /= high ==> FALSE

Test Path 5: 01 2 3 4 56 7 14 34568 13 14 3 4567 14 3 4568 13 14 3 4
S 6891117

148¢( 3): low /= high ==> TRUE

150¢( 6): item < llsymboltable(midpoint).key =z=> TRUE
148¢( 3): low /= high ==> TRUE

150¢( 6): item < llsymboltable(midpoint).key ==> FALSE
152 ¢( 8): item = llsymboltable(midpoint).key s=> FALSE
148¢( 3): low /= high ==> TRUE

150¢ 6): item < llsymboltable(midpoint).key ==> TRUE
148¢( 3): low /= high =a> TRUE

150¢( 6): item < llsymboltable(midpoint).key ==> FALSE
152¢( 8): item = llsymboltable(midpoint).key ==> FALSE
148¢( 3): low /= high ==> TRUE

150¢( 6): item < llsymboltable(midpoint) .key ==> FALSE
152¢( 8): item = llsymboltable(midpoint).key ==> TRUE
153 ¢( 9): llsywboltable(midpoint).kind = which ==> FALSE

Module Name: llprtsetring Complexity: 3
No Path

Module Name: llprttoken Complexity: 2
No Path

Test Path 31: 0 1 159 160 165 166
28¢( 1): caseindex a=> 65

Test Path 32: 0 1 13 14 15 16 17 18 165 166
28¢( 1): caseindex ==> 4

Test Path 33: 0 1 83 84 85 165 166
28( 1): caseindex az> 33

Test Path 34: 0 1 62 63 64 165 166
28 ¢ 1): caseindex ==> 25

Test Path 35: 0 1 128 129 130 131 165 166
28¢( 1): caseindex ==> 52

Figure 32-10. continued. ACT Tested Cyclomatic Paths using testl.lex and sample.lex
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Untested Cyclamatic Test Paths Listing

Program: ll_compile

Module Name: llfind

No Path

Module Name: llprtstring

Teat Path 1: 01 2 8 9 10
170¢( 2): i in str’‘range ==> FALSE

Teat Path 2: 01 2 3 4589 10
170¢( 2): i in str’range z=> TRUE
171¢ 4): str(i) = ' ’ ==> TRUE
Test Path 3: 01 23 46728910
170¢( 2): i in str’range ==> TRUE

171¢( 4): stx(i) = ' ' s=> FALSE
170¢( 2): i in str’range ==> FALSE

Module Name: llprttoken

Test Path 1: 01 2 5 6
181 ¢ 1): llcurtok.printvalue(l) in ’!‘

Test Path 2: 01 3 4 5 6
181¢( 1): llcurtok.printvalue(l) in ’!°

Module Name: llskiptoken

Test Path 1: 01 23 45678

Module Name: llskipnode

Test Path 1: 01 23 4567859

Module Name: llskipboth

Test Path 1: 01 23 45678910

Module Name: llfatal

Test Path 1: 01 23 4567

Module Name: get_character

Test Path 1: 012 9 10

Date/Time:12/28/92 13:36:39

Complexity: 5

Complexity: 3

Complexity: 2

‘=’ =a> TRUE

*“' ==> FALSE

Complexity: 1

Complexity: 1

Complexity: 1

Cor lexity: 1

Complexity: 3

Figure 32-11. ACT Untested Cyclomatic Paths Using testl.lex and sampie.lex
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252¢( 1): end_of_file(standard_input) ==»> TRUE

Test Path 2: 01 3 7 89 10
252¢( 1): end_of_file(standard_input) sa=>» PALSE
254 ¢ 3): end_of_line(standard_input) ==> FALSE

Test Path 3: 0 1 3 45 6 9 10
252¢ 1): end_of_file(standard_input) ==> FALSE
254¢( 3): end_of_line(standard_input) ==> TRUE

Module Name: cvt_string Complexity: 3

Test Path 1: 01 7 8 9
276( 1): i in llstrings’range ==> FALSE

Test Path 2: 01 2 3461789
276( 1}): i in llstrings’range sa=> TRUE
277¢( 3): i <= stxr'last ==> TRUE
276¢( 1): i in llstrings‘range ==> FALSE

Test Path 3: 01 235617829
276 1): i in llstrings’'range =z> TRUE
277¢ 3): i <= str'last ==> FALSE
276¢( 1): i in llstrings‘range ==> FALSE

Module Name: make_token Complexity: 11
Test Path 1: 0 1 2 3 24 25 26 27 28 29 38 39 40

288 ¢( 3): node ==> others

306¢( 27): node ==> char
Test Path 2: 0 1 2 3 4 S 6 26 27 28 29 38 39 40

288¢( 3): node ==> char
306( 27): node ==> char

Test Path 28: 0 1 148 149 165 166
28( 1): caseindex =a> 60

Test Path 29: 0 1 150 151 152 165 166
28¢ 1): caseindex ==> 61

Test Path 30: 0 1 153 154 165 166
28( 1): caseindex ==> 62

Test Path 31: 0 1 155 156 165 166
28( 1): caseindex =z=> 63

Test Path 32: 0 1 161 162 165 166
28¢( 1) : caseindex ==> 66

Test Path 33: 0 1 163 164 165 166
28( 1) : caseindex =z> others

Figure 32-11. continued. ACT Untested Cyclomatic Paths Using test].lex and sample.lex
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Figure 32-12. ACT Tested Paths Graph Using testl.lex and sample.lex
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Figure 32-14. BAT Battlemap for Program LL_COMPILE
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Figure 32-15. BAT Battilemap Symbology
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Battlemap Analysis Tool
Numerical Called-by Listing

Program : 11l _cospile Mon Dec 28 13:34:12 1992
Mod# Called module
Mod# Calling module

SzSSETex == T ¥
1 11_compile
2 expand;l
3 get_character
4 llskipboth
S llskiptoken
6 make_token
7 llmain
1 1ll_compile
8 match
2 expand;l
9 cvt_string
6 make_token
10 readgram
7 1llmain
11 parse
7 1llmain
12 open

- - - = W o o O e = > e D e P R o 4 - -

14 buildselect
10 readgram

52 1ll1lfind
6 make_token
11 parse
40 next_string
41 next_character
42 next_identifier
43 next_spec_sym

Figure 32-17. BAT Numerical Called-by Listing
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Battlemap Analysis Tool
Numerical Calls-to Listing

Program : ll_compile Mon Dec 28 13:34:38 1992
Mod# Calling module
Mod# Called module

I S S S E T S SSS S EEEESTEEEEERT

7 1llmain
2 expand;l
8 match
16 testsynch
19 1llfatal
61 put_line
3 get_character
63 skip_line
64 get
4 llskipboth
22 llnexttoken
39 1l1lprttoken
50 1llprtstring
61 put_line
71 put
S llskiptoken
22 llnexttoken
39 llprttoken
61 put_line
71 put
6 make_token
9 evt_string
S2 1llfind
7 1llmain
10 readgram
11 parse
8 match
8 cvt_string
10 readgram
12 open
13 builldright
14 buildselect
52 1ifind

Figure 32-18. BAT Numerical Calls-to Listing
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Program :

11l_compile

Modd Module Name

ITZSTSSTTETEXR

Battlemap Analysis Tool
Numerical Context Listing

1l _compile
expand;1l
get_character
llskipboth
llskiptoken
make_token
llmain

match
cvt_string
readgran

parse

open

buldright
Luildselect
close

testsynch
expand

erase

llfatal
synchronize
lltakeaction
llnexttoken
emit_token
complete_patterns
emit_pkg_decls
emit_advance_hdr
enmit_advance_tlr
emit_scan_proc
cvt_ascii
llskipnode
store_pattern
cve_string;1l
repeat
char_range
include_pattern
advance
complete_pat
emit_pattern_match
llprttoken
next_string
next_character
next_identifier
next_spec_sym

11¢ind

Mon Dec 28 13:34:58 1992

Letter

File Name

—

"lﬂUOOSQ:;n:ZEMRN'OOON;N’WOOEMEZL“?QZH'UCQU’U:O<

»

/eval/mcc. ..compile.a
/eval/mecc. . .compile.
/eval/mcc, . .compile.
/eval/mcc...compile.
/eval/mecc. . .compile.
/eval/mcec. . .compile.
/eval/mcc...compile.
/eval/mecc. . .conmpile.
/eval/mcc...compile.
/eval/mcc...compile.
/eval/mcc. . .compile.
Code Found)

seval/mcec. . .compile.
/eval/mcc...compile.
Code Pound)

/eval/mecc. . .compile.
Code Found)

/eval/mec. . .compile.
/eval/mcc...compile.
/eval/mcc...compile.
/eval/mecc. . .actions.
/eval/mcc. . .compile.
/eval/mec. . .up_body.
/eval/mcc. . .up_body.a
/eval/mec. . .up_body.a
/eval/mec. . .up_body.a
/eval/mece. . .up_body.a
/eval/mec. . .up_body.a
/eval/mec. . .up_body.a
/eval/mec. . .compile.a
/eval/mec. . .up_body.a
/eval/mec. . .up_body.a
/eval/mec. . .up_body.a
/eval/mcc. . .up_body.a
/eval /mec. . .up_body.a
/eval/mecc..._tokens.a
/evai/mec. . .up_body.a
/eval/mec. . .up_body.a
/eval/mecc...compile.a
/eval/mecc..._tokens.a
/eval/mce..._tokens.a
/eval/mcc..._tokens.a
/eval/mcc..._tokens.a

LI B A B

[ ]

»

[ I I -1

/eval/mcc...compile.a

Figure 32-19. BAT Numerical Context Listing
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Battlemap Analysis Tool
Numerical Index Listing

Program : ll_compile

Mon Dec 28

13:33:50 1992

Modd# Module Name v(G) ev(G) iv(G) (row,col}
1 1ll_compile 1 1 1 1, S4
2 expand;l 8 1 3 1,109
3 get_character 3 1 3 1,112
4 llskipboth 1 1 1 1,115
S 1llskiptoken 1 1 1 1,120
6 make_token 11 1 7 1,123
7 llmain 1 1 1 2, 54
8 match 4 4 1 2,107
9 cvt_string 3 1 1 2,122

10 readgram 6 1 5 3, 6
11 parse 11 1 9 3, 59
12 open 0 0 [} 4, 1
13 buildright 10 4 9 4, 6
14 buildselect 2 1 2 4, 9
15 close 0 0 0 4, 10
16 testsynch 3 1 2 4, 59
17 expand 0 0 0 4,104
18 erase 3 3 1 4,105
19 1llfatal 1 1 1 s, 15
20 synchronize 9 4 S S, 60
21 1lltakeaction 68 1 40 6, S8
22 llnexttoken 2 1 1 6, 99
23 emit_token 11 9 8 7?7, 23
24 complete_patterns 2 1 2 7. 36
25 emit_pkg decls 3 1 3 7, 48
26 emit_advance_hdr 1 1 1 7, 51
27 emit_advance_tlr 1 1 1 7., 53
28 emit_scan_proc 4 1 4 7. 64
29 cvt_ascii 10 1 1 7, 76
30 1llskipnode 1 1 1 7, 79
31 store_pattern [ ) 2 7, 83
32 cvt_string;1 4 4 2 7, 8%
33 repeat 3 1 1l 7, 87
34 char_range 3 1 1 7, 88
35 include_pattern 2 1 2 7, 92
36 advance 8 4 8 7, 99
37 complete_pat 12 1 ] 8, 36
38 emit_pattern_match: 19 1 19 8, 66
39 llprttoken 2 1 2 8, 80
40 next_string 4 3 2 8, 99
41 next_character 3 1 3 8,101
42 next_identifier 4 1 3 8,102
43 next_spec_sym 10 1 10 8,103
S2 1llfind s 4 1 9,100

Figure 32-20. BAT Numerical Index Listing
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SUBTRERS AND ASSOCIATED

INTEGRATION TEST CONDITIONS FOR PROGRAM 11_compile
ROOT MODULE OF PROGRAM: 11_compile

NO DESIGN REDUCTION

SUBTREE #1:
ll_compile > llmain > readgram > [open] < readgram > [get] <« readgram
> [skip_line} < readgram > [close) < readgram < llmain > parse > llfind
< parse > 11find < parse > llnexttoken > advance < llnexttoken < parse
< 1lmain < 1ll_compile

END-TO-END TEST CONDITION LIST FOR SUBTREE #1:

readgram 466(2): i in 1 .. lltablesize ==> FALSE
readgram 482(18): i in 1 .. llprodsize ==> FALSE
readgram 491(27): i in 1 .. llsynchsize ==> FALSE
11find 148(3): low /= high ==> FALSE

11find 148(3): low /= high ==> PALSE

advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current_c
advance 212(14): current_char = ascii.eot =a=> TRUE
llnexttoken 342(2): lleotoks ==> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceos =x> FALSE

SUBTREE #2:

ll_compile > llmain > readgram > {open] < readgram > [get] < readgram
> [skip_line] < readgram > [get] < readgram > [skip_line] < readgram
> [close] < readgram < llmain > parse > llfind < parse > llfind <« parse
> llnexttoken > advance < llnexttoken < parse < llmain < ll_compile

END-TO-END TEST CONDITION LIST FOR SUBTREE #2:

readgram 466(2): i in 1 .. lltablesize =s> TRUE

readgram 467(4): j in 1 .. llstringlength ==> FALSE
readgram 472(10): ch = ‘g’ ==> TRUE

readgram 466(2): i in 1 .. lltablesize ==> FALSE
readgram 482(18): i in 1 .. llprodsize ==> FALSE
readgram 491(27): i in 1 .. llsynchsize ==> PALSE

l1find 148(3): low /= high ==> PALSE

11find 148(3): low /= high ==> FALSE

advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current_c
advance 212(14): current_char = ascii.eot ==> TRUE
llnexttoken 342(2): lleotoks ==> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceos ==> FALSE

SUBTREE #3:
1l_compile > llmain > readgram > {open] < readgram > [get]) < readgram
> [skip_line] <« readgram > [get] < readgram > [get] < readgram > {get]
< readgram > ([skip_line] < readgram > buildright < readgram > buildselect
> [skip_line] < buildselect < readgram > (close] < readgram < llmain > parse
> 11find < parse > llfind < parse > llnexttoken > advance < llnexttoken
< parse < llmain < ll_compile

Figure 32-22. BAT Cyclomatic Subtrees
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END-TO-END TEST CONDITION LIST FOR SUBTREE ¢3:

readgram 466(2): i in 1 .. lltablesize ==> FALSE

readgram 482(18): i in 1 .. llprodsize ==> TRUE

buildright 397(3): i in thisrhs + 1 .. thisrhs + productions(whichprod).cardrhes ==:
buildselect 455(2): i in 1 .. productions(whichprod).cardsel ==> FALSE

readgram 482(18): i in 1 .. llprodsize ==> FALSE

readgram 491(27): i in 1 .. llsynchsize ==> FALSE

11find 148(3): low /= high ==> FALSE

11find 148(3): low /= high ==> FALSE

advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current
advance 212(14): current_char = ascii.eot =a=> TRUE

llnexttoken 342(2): lleotoks =a=> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceos ==> FALSE

SUBTREE #4:
11_compile > llmain > readgram > {open] < readgram > [get] < readgram

SUBTREE #315:

11l_compile > llmain > readgram > {[open] < readgram > [get] < readgram
{skip_line] < readgram > (close] < readgram < llmain > parse > llfind
parse > l1find < parse > llnexttoken > advance < llnexttoken < parse
testsynch > synchronize > (put] < synchronize > llprttoken > llprtstring
{put] < llprtstring > [(put] < llprtstring < llprttoken < synchronize
[put) < synchronize > [put] < synchronize > (put_line] < synchronize
testsynch < parse < llmain < ll_compile

AV V V AV

END-TO-END TEST CONDITION LIST POR SUBTREE #31S5:

readgram 466(2): i in 1 .. lltablesize ==> FALSE

readgram 482(18): i in 1 .. llprodsize =a=> FALSE

readgram 491(27): i in 1 .. llsynchsize ==> FALSE

1l1find 148(3): low /= high ==> FALSE

11find 148(3): low /= high =a=> FALSE

advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current
advance 212(14): current_char = ascii.eot =x> TRUE

linexttoken 342{(2): lleotoks ==> FALSE

parse 680(13): lltop /= 0 ==> TRUE

parse 682(16): llstack(llsentptr).data.kind ==> group | literal

parse 684(17): llstack(llsentptr).data.tableindex = llcurtok.tableindex ==> FALSE
parse 688(20): llstack(llsentptr).data.tableindex = locofnull ==> FALSE
parse 690(22): not llstack(llsentptr).lastchild ==> TRUE

parse 691(23): llstack{llsentptr + 1).data.kind = patch ==> FALSE
testsynch 6§54(1): llstack(llsentptr).data.synchindex = 0 ==> FALSE
llprttoken 181(1): llcurtok.printvalue(l) in '!’ .. ‘' ==> TRUE
llprtstring 170(2): i in str’range ==> FALSE

synchronize 610(8): synchdata(i).sent /= 0 ==> FALSE

synchronize 643(36): llcurtok.tableindex = llloceos =s> TRUE

parse 706(37): lladvance =z=> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceos ==> FALSE

Figure 32-22. continued. BAT Cyclomatic Subtrees
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UNTESTED SUBTREES AND ASSOCIATED

INTEGRATION TEST CONDITIONS FOR PROGRAM 1l _compile
ROOT MODULE OF PROGRAM: 11 _compile

NO DESIGN REDUCTION

UNTESTED SUBTREE 41:

ll_compile > llmain > readgram > [open] < readgram > {get] < readgram

> (skip_line) < readgram > [close] < readgram < llmain > parse > llfind

< parse > llfind < parse > llnexttoken > advance > look_ahead > get_char
< look_ahead < advance < llnexttoken < parse < llmain < 11 _compile

END-TO-END TEST CONDITION LIST FOR UNTESTED SUBTREE #1:
readgram 466(2): i in 1 .. lltablesize =s> FALSE

readgram 482(18): i in 1 .. llprodsize ==> FALSE

readgram 491(27): i in 1 .. llsynchsize ==> FALSE

l1find 148(3): low /= high ==> TRUE

11find 150(6): item <« llsymboltable(midpoint).key ==> TRUE
11find 148(3): low /= high =s=> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> FALSE
l1find 152(8): item = llsymboltable(midpoint).key ==> TRUE
11find 153(9): llsymboltable(midpoint).kind = which ==> TRUE
11find 148(3): low /= high ==> TRUE

llfind 150(6): item <« llsymboltable(midpoint).key ==> TRUE
l1find 148(3): low /= high ==> TRUE

11£ind 150(6): item < llsymboltable(midpoint).key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==> TRUE
11find 153(9): llsymboltable(midpoint).kind = which ==> TRUE
advance 200{2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current_c

advance 204(4): current_char = ‘-’ =z=> TRUE
get_char 58(1): end_of_file(standard_input) ==> TRUE
advance 206(6): look_char /= '~-’ =z=> TRUE

advance 212(14): current_char = ascii.sot ==> TRUE
llnexttoken 342(2): lleotoks ==> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceos ==> FALSE

UNTESTED SUBTREE #2:

11 _compile > llmain > readgram > [open] < readgram > [get] < readgram
[(skip_line] < readgram > [get] < readgram > [get] < readgram > [skip_line)
readgram > (close] < readgram < llmain > parse > llfind < parse > llfind
parse > llnexttoken > advance > look_ahead > get_char < look_ahead
advance < llnexttoken < parse < llmain < ll_compile

AAAVYV

END-TO-END TEST CONDITION LIST FOR UNTESTED SUBTREE #2:
readgram 466(2): i in 1 .. lltablesize ==> FALSE

readgram 482(18): i in 1 .. llprodsize ==> FALSE

readgram 491(27): i in 1 .. llsynchsize ==> TRUE

readgram 491(27): i in 1 .. llsynchsize ==> PALSE

11find 148(3): low /= high =x=> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> TRUE
llfind 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==> TRUE

Figure 32-23. BAT Untested Cyclomatic Subtrees
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11£ind 153(9): llsymboltable(midpoint).kind = which =za> TRUE
11find 148(3): low /= high ==> TRUE

11find 150(6.: item < llsymboltable(midpoint).key a==> TRUE
l1find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint}.key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key =z=> TRUE
11find 153(9): llsymboltable(midpoint).kind = which ==> TRUE
advance 200(2): (current_char = ascii.etX) or (current_char = ascii.ht) or (current_c
advance 204(4): current_char = ‘-' =z> TRUE

get_char 58(1): end_of_file(standard_input) ==> TRUE
advance 206(6): look_char /= ‘=’ =s=> TRUE

advance 212(14): current_char = ascii.eot ==> TRUE
llnexttoken 342(2): lleotoks =a=> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceocs =a=> FALSE

UNTESTED SUBTREE #3:
1l_compile > llmain > readgram > {open] < readgram > {get] < readgram
> [skip_line] < readgram > (get] < readgram > [get] < readgram > (get]
< readgram > [skip_line) < readgram > buildright < readgram > buildselect
> (skip_line] < buildselect < readgram > (close] < readgram < llmain > parse
> 1l1find < parse > 1llfind < parse > llnexttoken > advance > look_ahead
> get_char < look_ahead < advance < llnexttoken < parse < llmain < 11_compile

END-TO~END TEST CONDITION LIST FOR UNTESTED SUBTREE #3:

readgram 466(2): i in 1 .. lltablesize ==> FALSE

readgram 482(18): i in 1 .. llprodsize ==> TRUE

buildright 397(3): i in thisrhs + 1 .. thisrhs + productions(whichprod).cardrhs ==> F.
buildselect 455(2): i in 1 .. productions(whichprod).cardsel ==> FALSE
readgram 482(18): i in 1 .. llprodsize s=> FALSE

readgram 491(27): i in 1 .. llsynchsize ==> FALSE

11find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> TRUE

11find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> PALSE

11find 152(8): item = llsymboltable(midpoint).key ==> TRUER

11find 153(9): llsymboltable(midpoint).kind = which ==> TRUE

11find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key =a> TRUE

11find 148(3): low /= high ==> TRUE

llfind 150(6): item < llsymboltable(midpoint).key ==> FALSE

11find 152(8): item = llsymboltable(midpoint).key ==> TRUE

11find 153(9): llsymboltable(midpoint).kind = which ==> TRUE

advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current_c
advance 204(4): current_char = ‘-’ ==z> TRUE

get_char S8(1): end_of_file(standard_input) =s=> TRUE

advance 206(6): look_char /= ’'~’ ==> TRUE

advance 212(14): current_char = ascii.eot a=> TRUE

llnexttoken 342(2): lleotoks ==> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceos ==> FALSE

Figure 32-23. continued. BAT Untested Cyclomatic Subtrees
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SUBTRERS AND ASSOCIATED
INTEGRATION TEST CONDITIONS FOR PROGRAM ll_compile
ROOT MODULE OF PROGRAM: 1l_compile

SUBTREE #1:

11l_compile > llmain > readgram > [open] < readgram > [get] < readgram
> [skip_line] < readgram > [close) < readgram < llmain > parse > 11find
< parse > 11£ind < parse > llnexttoken > advance < llnexttoken < parse
< llmain < 11_compile

END-TO-END TEST CONDITION LIST FOR SUBTRRE #1:

readgram 466(2): i in 1 .. lltablesize ==> FALSE
readgram 482(18): i in 1 .. llprodsize s=> FALSE
readgram 491(27): i in 1 .. llsynchsize ==> FALSE

11find 148(3): low /s high aa> FALSE

11find 148(3): low /= high a=> FALSE

advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current_c
advance 212(14): current_char = ascii.eot ==> TRUE
llnexttoken 342(2): lleotoks s=> FALSE

parse €80(13): lltop /= 0 ==> PALSE

parse 713(42): llcurtok.tableindex /= llloceos ==> FALSE

SUBTREE #2:
ll_compile > llmain > readgram > {open]) < readgram > [get] < readgram
> [skip_line] < readgram > (get] < readgram > {skip_line] < readgram
> (close] < readgram < llmain > parse > llfind < parse > llfind < parse
> llnexttoken > advance < llnexttoken < parse < llmain < ll_compile

END-TO-END TEST CONDITION LIST FOR SUBTREE §2:

readgram 466(2): i in 1 .. lltablesize ==> TRUE
readgram 467(4): 3 in 1 .. llstringlength ==> FALSE
readgram 472(10): ch = ‘g’ ==> TRUE

readgram 466(2): i in 1 .. lltablesize s=> FALSE
readgram 482(18): i in 1 .. llprodsize =x=> FALSE
readgram 491(27): i in 1 .. llsynchsize ==> FALSE
11find 148(3): low /= high ==> FALSE

11find 148(3): low /= high ==> FALSE

advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current_c
advance 212(14): current_char = ascii.eot ==> TRUE
llnexttoken 342(2): lleotoks ==> FALSE

parse 680(13): llitop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceos ==> FALSE

SUBTREE #3:

1l_compile > llmain > readgram > [open) < readgram > [get] < readgram
[skip_line]) < readgram > [get] < readgram > [get] < readgram > [get]
readgram > [skip_line] < readgram > buildright < readgram > buildselect
[skip_line] < buildselect < readgram > (close] <« readgram < llmain > parse
11find < parse > 11lfind < parse > llnexttoken > advance < llnexttoken
parse < llmain < 11_compile

AV V AY

Figure 32-24. BAT Design Subtrees
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END-TO-END TEST CONDITION LIST FOR SUBTREE #3:

readgram 466(2): i in 1 .. lltablesize ==> FALSE

readgram 482(18): i in 1 .. llprodsize ==> TRUE

buildright 397(3): i in thisrhs + 1 .. thisrhs « productions(whichprod).cardrhs s=z> F
buildselect 455(2): i in 1 .. productions(whichprod).cardsel s=> PALSE

readgram 482(18): i in 1 .. llprodsize ==> FALSE

readgram 491(27): i in 1 .. llsynchsize ==> PALSE

llfind 148(3): low /= high ==> FALSE

11find 148(3): low /= high =s=> FALSE

advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current_c
advance 212(14): current_char = ascii.eot ==> TRUE

llnexttoken 342(2): lleotoks ==> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= lllocecs ==> FALSE

SUBTRRE #4:
11_compile > llmain > readgram > [open] < readgram > {get) < readgram

SUBTREE #197:

1l_compile > llmain > readgram > [open] < readgram > {[get] < readgram
[skip_line] < readgram > [close] < readgram < llmain > parse > llfind
parse > llfind < parse > llnexttoken > advance < llnexttoken < parse
testsynch > synchronize > [put] < synchronize > llprttoken > llprtstring
[put) < llprtstring > [put] < llprtstring < llprttoken <« gynchronize
{put]) < synchronize > {put] < synchronize > [put_line] < synchronize
testsynch < parse < llmain < 1l _compile

A Y V V AY

END-TO-END TEST CONDITION LIST FOR SUBTREE #197:

readgram 466(2): i in 1 .. lltablesize ==> FALSE

readgram 482(18): i in 1 .. liprodsize ss> FALSE

readgram 491(27): i in 1 .. llsynchsize ==> FALSE

11find 148(3): low /= high s=> FALSE

11find 148(3): low /= high ==> FALSE

advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) oxr (current_c
advance 212(14): current_char = ascii.eot ==> TRUE

llnexttoken 342(2): lleotoks =x> FALSE

parse 680(13): lltop /= 0 ==> TRUE

parse 682(16): llstack(llsentptr).data.kind ==> group | literal

parse 684(17): llstack(llsentptr).data.tableindex = llcurtok.tableindex =x> FALSE
parse 688(20): llstack{llsentptr).data.tableindex = locofnull ==> PALSE
parse 690(22): not llstack(llsentptr).lastchild ==> TRUE

parse 691(23): llstack(llsentptr + 1).data.kind = patch .=> FALSE
testsynch 654(1): llstack(llsentptr).data.synchindex = 0 ==> FALSE
llprttoken 181(1): llcurtok.printvalue(l) in !’ .. ’'~’ ==> TRUE
llprtstring 170(2): i in str’range ==> FALSE

synchronize 610(8): synchdata(i).sent /= 0 ==> FALSE

synchronize 643(36): llcurtok.tableindex = llloceos ==> TRUE

parse 706(37): lladvance ==> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceos ==> FALSE

Figure 32-24. continued. BAT Design Subtrees
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UNTESTED SUBTRERS AND ASSOCIATRD
INTEGRATION TEST CONDITIONS FOR PROGRAM 11_com, ile
ROOT MODULE OF PROGRAM: 11_compile

UNTESTED SUBTREE #1:

ll_compile > llmain > readgram > (open] < readgram > [get) < readgram
> (skip_line] < readgram > {[close) < readgram < llmain > parse > llfind
< parse > l1find < parse > llnexttoken > advance > look_ahead > get_char
< look_ahead < advance < llnexttoken < parse < llmain < l1l_compile

END-TO-END TEST CONDITION LIST FOR UNTESTED SUBTREE #1:
readgram 466(2): i in 1 .. lltablesize ==> FALSE

readgram 482(18): i in 1 .. llprodsize ==> FALSE

readgram 491(27): i in 1 .. llsynchsize ==> FALSE

11find 148(3): low /= high zs> TRUE

11find 150(6): item < llsymboltable(midpoint) .key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==> FALSE
11find 148(3): low /= high ==> TRUB

11find 150(6): item < llsymboltable(midpoint).key s=> FALSE
11find 152(8): item = llsymboltable(midpoint) .key ==> FALSE
11find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> TRUE
11find 148(3): low /= high ==> TRUE

11£4ind 150(6): item < llsymboltable(midpoint).key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key a=> FALSE
11find 148(3): low /= high ==> TRUE

11£ind 150(6): item < llsymboltable(midpoint).key ==> PFALSE
11find 152(8): item = llsymboltable(midpoint).key ==> TRUE
11find 153(9): llsymboltable(midpoint).kind = which =s=> TRUE
11£ind 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key s=> FALSE
11£ind 152(8): item = llsymboltable(midpoint).key ==> FALSE
11£ind 148(3): low /= high s=> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==> PALSE
11find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> TRUE
11find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key s=a> FALSE
11find 148(3): low /= high ==> TRUE

11£ind 150(6): item < llsymboltable(midpoint).key ==> PALSE
11find 152(8): item = llsymboltable(midpoint).key ==> TRUE
l1find 153(9): llsymboltable(midpoint).kind = which ==> TRUE
advance 200(2): (current_char = ascii.etx) or (current_char = ascii.ht) or (current_c
advance 204(4): current_char = ‘-’ ==> TRUE

get_char 58(1): end of_file(standard_input) ==> TRUE
advance 206(6): look_char /= ‘-’ ==> TRUE

advance 212(14): current_char = ascii.eot ==> TRUB
llnexttoken 342(2): lleotoks ==> PALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /= llloceos =a> FALSE

Figure 32-25. BAT Untested Design Subtrees
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UNTESTED SUBTREE #2:

1l_compile > llmain > readgram > {[open] < readgram > (get) < readgram
(skip_line) < readgram > [(get] < readgram > [get] < readgram > [skip_line)
readgram > {close] < readgram < llmain > parse > llfind < parse > llfind
parse > llnexttoken > advance > look_ahead > get_char < look_ahead
advance < llnexttoken < parse < llmain < 1l _compile

AAAY

END-TO-END TEST CONDITION LIST FOR UNTESTED SUBTREE #2:
readgram 466(2): { in 1 .. lltablesize ==> FALSE

readgram 482(18): i in 1 .. llprodsize =s> FALSE

readgram €91(27): i in 1 .. llsynchsize ==> TRUE

readgram 491(27): 1 in 1 .. llsynchsize ==> FALSE

11find 148(3): low /= high ==> TRUE

112ind 150(6): item < llsymboltable(midpoint).key =z> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==> FALSE
11find 148(3): low /= high as> TRUE

11find 150(6): item < llsymboltable(midpoint).key =z> FALSE
11find 152(8): item = llsymboltable(midpoint).key =x=> FALSE
11find 148(3): low /= high =a=> TRUE

11find 150(6): item < llsymboltable(midpoint).key =x> TRUE
11£ind 148(3): low /= high a=> TRUE

11£ind 150(6): item < llsymboltable(midpoint).key s=> FALSE
l1find 152(8): item = llsymboltable(midpoint).key ==> FALSE
11find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==> TRUE
1llfind 153(9): llsymboltable(midpoint).kind = which ==> TRUE
llfind 148(3): low /= high x=s> TRUE

11find 150(6): item < llsymboltable(midpoint).key =x=> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==> FALSE
11find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable (midpoint).key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==> FALSE
11find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> TRUE
l1find 148(3): low /= high ==> TRUE

11find 150(6): item < llsymboltable(midpoint).key ==> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==> FALSE
11find 148(3): low /= high ==> TRUE .

l1find 150(6): item < lisymboltable(midpoint).key ==z> FALSE
11find 152(8): item = llsymboltable(midpoint).key ==z=> TRUE
1ifind 153(9): llsymboltable(midpoint).kind = which ==> TRUE
advance 200(2): {(current_char = ascii.etx) or (current_char = ascii.ht) or (current_c
advance 204(4): current_char = '-’ ==> TRUE

get_char 58(1): end_of_file(standard_input) ==> TRUE
advance 206(6): look_char /= '-' z=> TRUE

advance 212(14): current_char = ascii.eot ==> TRUE
llnexttoken 342(2): lleotoks ==> FALSE

parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llecurtok.tableindex /= llloceos ==> FALSE

e

Figure 32-25. continued. BAT Untested Design Subtrees
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BRANCH METRICS FOR PROGRAM ll_compile

MODULE #BRANCHES
llmain 1
emit_advance_hdr 1
l1fatal 1
llskiptoken 1
llskipnode b
liskipboth 1
loaok_ahead 1
emit_advance_tlr 1
ll_compiie 1
look_ahead;1l 1
llprttoken 3
llnexttoken 3
buildselect 3
complete_patterns 3
include_pattern 3
mexge_ranges 3
complete_opt 4
option 4
repeat [
testsynch 5
look_up_pattern 5
1l1£find 9
readgram 11
store_pattern 11
emit_char 12
complete_concat 13
complete_alt 15
advance 15
make_token 15
buildright 15
expand;1l 15
amit_select 17
complete_pat 17
tail 17
synchronize 17
next_spec_sym 19
emit_token 19
parse 19
cvt_ascii . 19
restrict 24
alternate 27
resolve_ambiguity 29
emit_pattern_match 32
lltakeaction 69

Figure 32-26. BAT Branch Count Metrics
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Figure 32-27. BAT Kiviat Graph of Metrics
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MOPULE CYCLOMATIC COMPLEXITY v(G) FOR PROGRAM 1ll_compile

MOD # MODULE ACTUAL COMPLEXITY vs vI(G)
652 llfind
50 llprtscring
39 llprttoken
S llskiptoken
30 llskipnode
4 llskipboth
19 llfatal
3 get_character
9 cvt_string
6 make_token
22 llnexttoken
13 buildright
14 buildselect
10 readgram
18 exase
8 match
2 expand;l
20 synchronize
16 testsynch
11 parse
7 llmain
1 11 _compile
57 get_char
51 char_advance
53 look_ahead
41 next_character
42 next_identifier
43 next_spec_sym
40 next_string
36 advance
72 mergs_ranges
70 altarnate
34 char_range

-
O N = W W st WO

- -

-

[
WA NS OB WHMWWKMFMPFWWRDEe WONHN

NOKF i YW H R WWHERNOOANWEHR JNODOOOCOSOOOW

49 emit_concat_right 3 k]
38 emit_pattern_match 12 19
68 emit_char 2 11
62 emit_select S 10
28 emit_scan_proc 2 4
23 emit_token 5 11
35 include_pattern 1 2
60 look_ahead;1 0 1
46 look_up_pattern 2 3
66 option 1 3
33 repeat 1 3
31 store_pattern 2 3
21 lltakeaction 3s 68

Figure 32-29. Instrumentation Tool Module Complexity for test].lex and sample.lex
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BRANCH METRICS FOR PROGRAM 11l_compile

MODULE #BRANCHES #COVERED S$COVERED
llmain 1 1 100
emit_advance_hdr 1 1 100
llfatal 1 0 0
llskiptoken 1 0 0
llskipnode 1 0 0
llskipboth 1 0 0
look_ahead 1 1 100
emit_advance_tlr 1 1 100
1l_compile 1 1 100
look_ahead;1 1 0 0
llprttoken 3 0 0
llnexttoken 3 3 100
buildselect 3 3 100
complete_patterns 3 3 100 .
include_pattern 3 2 66
merge_ranges 3 3 100
complete_opt 4 2 S50
option 4 2 SO
repeat 4 2 50
testsynch S 0 0
look_up_pattern 5 4 80
erase S S 100
get_char S H 100
char_advance S 5 100
cvt_string 5 0 0
next_character s 2 40
emit_concat_xight s S 100
emit_pkg_decls S 4 80
llprtstring S 0 0
char_range 5 S 100
emit_pattern_name S 0 0
get_charactexr -3 0 0
emit_scan_proc 7 6 85
emit_alt_cases 7 7 100
emit_pattern_name;l 7 6 85
next_identifier ? 6 85
next_string 7 5 71
cvt_string;1l 7 S 71
match 7 s 71
concatenate 7 5 71
emit_concat_cases 8 7 87
11find 9 9 100
readgram 11 11 100
store_pattern 11 6 54
emit_pattern_match 32 23 71
lltakeaction 69 36 52

Figure 32-30. Instrumentation Tool Branch Coverage for testl.lex and sample.lex
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Testing Summary

Program : ll_compile Mon Dec 28 13:29:30 1992
Root expand;1l . 82 out of 178 design subtrees tested.
Root get_character , 0 out of 3 design subtrees tested.
Root 1ll_compile , 89 out of 197 design subtrees tested.
Root llskipboth , 19 out of 28 design subtrees tested.
Root llskiptoken . 19 out of 28 design subtrees tested.
Root make_token , 1 out of 7 design subtrees tested.

The following modules have not been executed:

llprtstring ( 3 paths untested ).
llprttoken ( 2 paths untested ).
llskiptoken ( 1 path untested ).
liskipnode ( 1 path untested ).
llskipboth ( 1 path untested ).
llfatal ( 1 path untested ).
get_character { 3 paths untested ).
cvt_string ( 3 paths untested ).
make_token ( 11 paths untested ).
synchronize { 9 paths untested ).
testsynch ( 3 paths untested ).
emit_pattern_name { 3 paths untested ).
look_ahead;1 ( 1 path untested ).

The following modules have been partially tested:

of 15 paths tested
of 8 paths tested
of 8 pathe tested

resolve_ambiguity
complete_alt
complete_concat

buildright ( 7 of 10 paths tested ).
buildselect ( 1 of 2 paths tested ).
readgram { 1l of 6 paths tested ).
match ( 2 of 4 paths tested ).
expand;1 { 6 of 8 paths tested ).
parse ( 2 of 11 paths tested ).
next_character ( 1l of 3 paths tested ).
next_identifier v 3 of 4 paths tested ).
next_spec_sym ( 7 of 10 paths tested ).
next_string ( 1 of 4 paths tested ).
advance ( 7 of 8 paths tested ).
merge_ranges { 1l of 2 paths tested ).
alternate ( 6 of 14 paths tested ).
char_range ( 2 of 3 paths tested ).
restrict ( 7 of 14 paths tested ).
tail ( 2 of 11 paths tested ).
( 1 Y.
( 3 ).
( 4 }.
complete_opt ( 1 of 3 paths tested ).
complete_pat ( § of 12 paths tested ).
complete_patterns { 1l of 2 paths tested }.
concatenate 4 2 of 4 paths tested ).
cve_ascii ( 1 of 10 paths tested ).

( 1 ).

cvt_string;1l of 4 paths tested

Figure 31-31. Instrumentation Tool Testing Summary for testl.lex and sample.lex
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emit_pkg_decls { 1l of 3 paths tested ).
emit_pattern_name;1l { 3l of 4 paths tested ).
emit_alt_cases ( 3 of 4 paths tested ).
emit_concat_cases ( 4 of S paths tested ).
amit_pattern_match ( 12 of 19 paths tested ).
emit_char ( 2 of 11 paths tested ).
emit_select ( S of 10 paths tested ).
emit_scan_proc ( 2 of 4 paths tested ).
emit_token ( 5 of 11 paths tested ).
include_pattern { 1l of 2 paths tested ).
look_up_pattern { 2 of 3 paths tested ).
option { 1l of 3 paths tested ).
repeat { 1 of 3 paths tested ).
store_pattern { 2 of 6 paths tested ).
lltakeaction ( 35 of 68 paths tested ).

The following modules have full path coverage:

11find ( S paths tested ).
llnexttoken ( 2 paths tested ).
erase ( 3 paths tested )
llmain ( 1 path tested )
11_compile ( 1 path tested ).
get_char ( 3 paths tested ).
char_advance ( 3 paths tested )
look_ahead ( 1l path tested )
emit_advance_hdr ( 1l path tested )
emit_advance_tlr { 1 path tested )
emit_concat_right ( 3 paths tested )

Figure 32-31. continued. Instrumentation Tool Testing Summary for testl.lex and sam-
ple.lex

PROGRAM DESIGN COMPLEXITY POR PROGRAM 11 _compile

ROOT MODULE OF PROGRAM: 1l_compile
DESIGN COMPLEXITY SO: 253
TESTED DESIGN COMPLEXITY: 137
INTEGRATION COMPLEXITY S1 (# OF SUBTREES): 197
TESTED INTEGRATION COMPLEXITY: 89

Figure 32-32. Instrumentation Tool Design Integration Testedness for testl.lex and sam-
ple.lex
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begin
LOW :a 1;
HIGH := LLTABLESIZIE + 1;
while LOW /= HIGH loop
MIDPOINT := (HIGH + LOW) / 2
if ITEM < LLSYMBOLTABLE (MIDPOINT).KRY then
HIGH := MIDPOINT;
elsif ITEM = LLSYMBOLTABLE (MIDPOINT).KEY then
if LLSYMBOLTABLE (MIDPOINT).KIND = WHICH then
return( MIDPOINT );

else
return( 0 );
end if;
else -- ITEM > LLSYMBOLTABLE (MIDPOINT) .KEY
LOW 1= MIDPOINT + 1;
end if;
end loop;
return( 0 ); -- item is not in table
end LLFIND;

LLCURTOK.PRINTVALUE := (LLSTRINGS'RANGE o> * );
LLCURTOK.PRINTVALUEB(1..5) := “[eof]";
LLCURTOK.TABLEINDEX := LLLOCEOS;

CHILDCOUNT := 0,
for I in THISRES+l .. THISRHS+PRODUCTIOMS (WHICHPROD).CARDRHS loop
if I <= LLRHSSISE then
THISRHE := THISRHS+1;
GRT( LLGRAM, CH );
case CH is
when ‘1’ =>
CHILDCOUNT := CHILDCOUNT+1;
RHSARRAY (1) .WHICHCHILD t= CHILDCOUNT;
RESARRAY (I) .KIND := LITERAL;
GEBT( LLGRAM, RESARRAY(X).TABLEINDEX );
whén ‘a’ =>
RRSARRAY (I) .RIND := ACTION;
when ‘'n’ =>
CHILDCOUNMT := CHILDCOUNT+1;
RHSARRAY (I) .WHICHCEILD := CHILDCOUMNT;
RHSARBRAY (1) .KIND := NONTERMIMAL;
QET( LLGRAM, RHSARRAY(I) .TABLEINDEX );
when ‘g’ =>
CHILDCOUNT := CHILDCOUNT+1;
RESARBAY (I) .WHICECHILD := CHILDCOUNMT;
RHSAKRAY (I) .KIRD 1= GROUP;
GET( LLGRAM, RHSARRAY(I).TABLEINDEX );
when 'p‘ => :
RESARRAY(I) .KIND := PATCH;
when others =>
-- the llgram table is screwed up
PUT( STANDARD_ERROR,
twew Zuse -- Error in table file (360) **+** );
raise PARSING_ERROR;
end case;
if BEND_OF_LINE( LLGRAM ) then
RESARRAY(I) .CASEINDEX := 0;
else
GET( LLGRAM, RHSARRAY(I).CASEINDEX );
end if;
if BEND_OF_LINE( LLGRAM ) then

Figure 32-34. SLICE Listing Excerpt
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RHSARBAY(I) .SYNCRINDEX := 0;
else
GET( LLGRAM, RHSARRAY(I).SYNCHINDEX );
end if;
SKIP_LIME( LLGRAM );
else
-- llgram table is screwed up
PUT_LINE( STANDARD_ERROR,
*s¥2 Zyugse -- Error in table file (372) *#*** );
-- This is a catastrophic error -- the grammar used to
-- generate the compiler probably contained errors.
raise PARSING_ERROR;
end if;
end loop;
end BUILDRIGHT;
begin
PRODUCTIONS (WHICHPROD) .SELSET := (others => FALSE); -- empty set
for I 4in 1 .. PRODUCTIONMS (NHICHPROD).CARDSEL loop
GET( LLGRAM, TABLEINDEX );
PRODUCTIONS (WHICHPROD) . SBLSET(TABLEINDEX) := TRUE;
end loop;
SKIP_LINE( LLGRAM );
end BUILDSELECT;
begin =~ READGRAM
OPRN( LLGRAM, IN_FILE, “TABLE" ),
~-- read in symbol tables
for I 4in 1 .. LLTABLESIZIE loop
for J in 1 .. LLSTRIMGLENGTH loop
GET( LLGRAM, LLSYMBOLTABLE(I) .KEY(J} );
end loop;
GET( LLGRAM, CH );
SKIP_LINE( LLGRAM );
if CH = ‘g’ then
LLSYMBOLTABLR(I) .KIND := GROUP;

else -- assume ch =1
LLSYMBOLTABLE(I) .KIND := LITERAL;
end if;
end loop;

-- read in grammar

THISRHS := 0;

GBT( LLGRAM, AXIOM );

SKIP_LINE( LLGRAM );

for I in 1 .. LLPRODSIZE loop
GET( LLGRAM, PRODUCTIONS(I).LHS )
GET( LLGRAM, PRODUCTIONS(I).CARDRES );
GET( LLGRAM, PRODUCTIONS(I).CARDSEL );
SKIP_LINB{( LLGRAX )
BUILDRIGHT(I)
BUILDSELECT(X);

end loop;

-- now read in synchronization info

for I in 1 .. LLSYRCHSIZE loop
GET( LLGRAM, SYNCHDATA(I).TOKEN ); -- llsymboltablé location
GBT( LLGRAM, SYNCFDATA(X).SENT ); -- gymbol to skip to
SKIP_LINE( LLGRAX );

end loop;

CLOSE( LLGRAX );

end READGRAM;
begin
-- only erase if at farthest point to the right in a production
while LLSTACK(LLSENTPTR).LASTCHILD loop

-~ erase rhs

LLSENTPTR :s= LLSTACK (LLSENTPTR) .PARENT;

if LISENTPTR = 0 then -=- stack is empty
LLTOP 1= 0;

LLADVANCE := FALSE; -= don‘t try to advance beyond axiom

Figure 32-34. continued. SLICE Listing Excerpt
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Program: 11_compile
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Figure 32-35. continued. SLICE Plotted Excerpt
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Original LLFIND in file 11l_compile.a:

function LLFIND( ITEM: LLSTRINGS; WHICH: LLSTYLE ) return INTEGER
-- Find item in symbol table -- return index or 0 if not found.
~- Assumes symbol table is sorted in ascending order.
LOW, MIDPOINT, HIGH: INTRGER;
begin
LOW := 1;
KIGH := LLTABLESIZE + 1;
while LOW /= HIGH loop
MIDPOINT := (HIGH + LOW) / 2;
if ITEM < LLSYMBOLTABLE (MIDPOINT).KEY then
HIGH := MIDPOINT;
elsif ITEM = LLSYMBOLTABLE(MIDPOINT).KEY then
if LLSYMBOLTABLE(MIDPOINT).KIND = WKICH then
return( MIDPOINT );
else
return( 0 );
end if;
else -=- ITEM > LLSYMBOLTABLE(MIDPOINT) .KEY
LOW := MIDPOINT + 1;
end if;
end loop;
return( 0 ); =-- item is not in table
end LLFIND;

Modified LLFIND in file edit_ll_compile.a:
From edit_1_compile.a:

function LLFIND( ITEM: LLSTRINGS; WHICH: LLSTYLE ) return INTEGER
~- Find item in symbol table -- return index or 0 if not found.
-- Assumes symbol table is sorted in ascending order.
LOW, MIDPOINT, HIGH: INTEGER;
begin
LOW := 1;
HIGH := LLTABLESIZE + 1;
while LOW /= RIGH loop
if ITEM = LLSYMBOLTABLE(LOW).KEY then
if LLSYMBOLTABLE(LOW).KIND = WHICH then
return( LOW );

else .
return( 0 );
end if;
end if;
LOW := LOW «+ 1;
end loop;
return( 0 ); -~- item is not in table

end LLFIND;

is

is

Figure 32-36. CodeBreaker Original and Modified Module LLFIND
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| MODULE COMPARISON [
*= A EEESSEE R SIS E SR S EE S S S S S S S E S S S S X EEE RIS NI TCEREEEEE$
+ I TS S Y EE R NS S EEEE AN RERESE EEERE ass CEEEESBESEEEREEEEREY
IPILE: /eval/mccabe/work/ll_compile™ IFILE: /eval/mccabe/work/edit_ll_co™ |
] .a ! mpile.a |
IMODULE:11find IMODULE:11find;1 i
l"“"..‘.l.l'."’3:::::::::::::::‘.8'::' EESEEETETEEEEESES l
111find | 001 111find;1 |
jememe—— D ittt e ittt it bttt ddetbdedie b bbb b LS 4 i
| 148: low /= high ==z> FALSE | 148: low /= high ==> FALSE !
I 163: <return> I 159: <return> )
|* MATCH * | i
' ----------- SEE=S TESS I
111€ind ! 002 111find;1 |

148: low /= high ==> TRUE )
149: item = llsymboltable(low).key |

! 148: low /= high ==> TRUE
| 150: jitem < llsymboltable(midpoin~

1 t) .key =x> TRUE ==> TRUE |
j*** MISMATCH *** |
|zzs=zcccacasne s ER S S SR AR A A S CE AR AN ERR RS NSRS S =1
I11find I 003 111find;1 |

| 148: low /= high ==> TRUE ] 148: low /= high ==> TRUE |
| 150: item < llsymboltable(midpoin™ | 149: item = llsymboltable(low).key !
I t) .key ==> FALSE [ =a> PALSE !
[*** MISMATCH *** | I
i Zz===TITTTTE {
111€ind | 004 111find;1 t

| 148: low /= high =x=> TRUE | 148: low /= high ==> TRUE |
1 150: item < llsymboltable(midpoin™ | 149: item = llsymboltable(low).key |
i
|

| t) .key ==> FALSE ==> FALSE |
[*** MISMATCH *** 1
i == == |
111find | 005 111find;1 1
ISR L L D LD L L e D D e DL E DDl Dl et e LD LD DL L {
| 148: low /= high ==> TRUE | 148: low /= high =3> TRUE |
I 150: item < llsymboltable(midpoin™ | 149: item = llsymboltable(low).key |
1 t) .key ==> FALSE { ==> FALSE |
|*** MISMATCH *** | |
- h g

I Number of basis paths: 5 |
| Number of matches: 1 |
1 Number of mismatches: ¢ |
| Quantitative level of commonality: 0.20 |
| Qualitative level of commonality: LOW i
[ ettt L L T L DL e b LT |
| Options: NO DESIGN REDUCTION |

Figure 32-38. CodeBreaker Comparison of Modified Against Original LLFIND
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+EEEESEEEEEEEE R E B R IS E A R E N R E S R S E S E S S A NS R EEE N EE S S E TP EEEXETTRCSSSRSSIZZEIS .
- ESSERSEREEESEEEEEESE EE R E RS TE R X C S S S T S E S S S S EE S RIS EESEREEEEARTTERCTTRSSTE Y
IFILE: /eval/mccabe/work/edit_11_co™ |FILE: /eval/mccabe/work/1l_compile”™ |
| npile.a 1 .a i
IMODULE:11find;1 IMODULE:11find i
|-- EEENE 2 sl:!sz::::::ssssl
111find;1 | 001 111find I

B et T R e L L e T |
148: low /= high =s> FALSE 148: low /= high ==3> FALSE

1
|
159: <return> | 163: <return>
|
!

|
I
|
L i
1* MATCH * |
{=a= EEBER EETTTTITTT ESESXENSEEESEEZZssAREEnsEEs |
I11find;1 1 002 I1lfind i

{mmmrommecccccaan" Rt et e e DD D hdatal !
148: low /s high ss> TRUE 148: low /= high ==> TRUE

| | !
{ 1 I
| 149: item = llsymboltable(low).key | 150: item < llsymboltable(midpoin~ |
] ==> TRUE t t).key ==> TRUE !
| i |
) }

[

1

j*++ MISMATCH ***

1 EESES2STSSSSZSESSIATIESSE EEEEE

'11find;1 } 003 |11lfind

| 148: low /= high ==> TRUE ! 148: low /= high ==> TRUE

| |

| 149: item = llsymboltable(low).key | 150: item < llsymboltable(midpoin”
l ==> FALSE | t).key ==> FALSE
| |
|*** MISMATCH *** ]

|zzmz= Tzs====s=3a=

111find;1 { 004 111find

148: low /= high =z> TRUE

| [
| |
149: item = llsymboltable(low).key | 150: item < llsymboltable(midpoin~ |
=z> TRUE | t) .key ==> TRUE |

| i

| |

|*** MISMATCH ***

+=z== ===z== sme

[ Number of basis paths: ¢ t
| Number of matches: 1 1
i Number of mismatches: 3 !
| Quantitative level of commonality: 0.25 I
! Qualitative level of commonality: MEDIUM LOW !

Figure 32-39. CodeBreaker Comparison of Original Against Modified LLFIND
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0-t;-.=.'83.383:;;883883883883::=:============S==========333=======:==:=== ==
| PROGRAM COMPARISON
+ EEEEETTATETER SEBRESR = REITEXESETNR
S ESERESAEEEEEEETEEEEZERESIITERESTISED sS==SS=SS=== R S S S S ST EECEREZIIZSESRST=SES=SITe
IFILE: 1ll_compile IFILE: 1ll_compile_2
JROOT: 11 _compile |IROOT: 11 _compile_2 |
|ssassssEssasZETRETATTTREEES SESERRTTERE EEREERS g =z
IPILE: 1ll_compile i 001 IFILE: 11 _compile 2 |
[ Lt T PR R P L LD D DS LS Rttt e D DL b LD DL {
Ireadgram() | readgram()
| 466: i in 1 .. lltablesize ==> FA~ 466: i in 1 .. lltablesize ==> FA~
LSE LSE
482: i in 1 .. llprodsize ==> FAL" 482: i in 1 .. llprodsize ==> PFAL"
SE SE
491: i in 1 .. llsynchsize ==> FA" 491: i in 1 .. llsynchsize ==> FA~
LSE LSE
11find () 11find()

148: low /= high ==> FALSE
148: low /= high ==> FALSE 148: low /= high =a> FALSE

scan_pattern()
125: start_of_line ==> FALSE

advance()
200: (current_char = ascii.etx) or
(current_char = ascii.ht) or
(current_char = ’ ') or (cur”

|

t

I

I

|

1

I

|

|

| 148: low /= high ==> FALSE
|

|

|

I

|

|

1

| rent_char = ‘-’') ==> PALSE
|

e e o e w— — - — e — - e - — — u — - —

|*** MISMATCH ***

] == = BERIITSTITTIECETTIES IR

IFILE: 1l1_compile | 002 IFILE: 11 _compile 2

R e e DL DL T D et L e L L PP L L gt 1

| readgranm() jreadgram()

| 466: i in 1 .. lltablesize ==> TR” 466: i in 1 .. lltablesize ==> TR~
UE UE

467: 3 in 1 .. llstringlength ==>
FALSE

467: j in 1 .. llstringlength ==>
FALSE

472: ch = 'g’ ==> TRUE 472: ch = ‘g’ =x> TRUE

482: i in 1 .. llprodsize ==> FAL"
SE

482: i in 1 .. llprodsize ==> FAL™
SE

491: i in 1 .. llsynchsize ==> FA~
LSE

491: i in 1 .. llsynchsize ==> FA~
LSE

11find()
148: low /= high ==> FALSE

11find()

!
|
I
)
1
|
|
|
466: i in 1 .. lltablo,izo ==> PA" | 466: i1 in 1 .. lltablesize ==> FA~
|
!
|
t
|
i
|
|
|
| 148: low /= high s=> FALSE

1
1
|
|
|
|
|
|
| LSE LSE
|
|
I
|
1
!
|
|
|

Figure 32-40. CodeBreaker Program Comparison
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¢

rent_char = '-‘) z=> FALSE

! |
| 148: low /= high ==> FALSE | 148: low /= high ==> FALSE {
I ' |
ladvance () iscan_pattern() |
| 200: (current_char = ascii.etx) or | 125: start_of_line ==> FALSE {
| (current_char = ascii.ht) or |
| (current_char = * '} or (cur” i
| {
1 i

|

i
|
|
|
|*** MISMATCH *** i

] BESESES ST EIREE I EE SRS E N E S S E S EEE N EE S E R EE EREEEERESTE [}
IFILE: 1l1l_compile | 003 IFILE: 1l_compile_2 |
[ e L i ittt il |
ireadgram() lreadgram() 1
| 466: i in 1 .. lltablesize ==> FA~" | 466: i in 1 .. lltablesize ==> FA" |
t LSE | LSE !
|II======I" - EE S S TESTEIETEERSERSRRSREX |
IFILE: 1ll_compile | 197 IFILE: 11l _compile_2 1
[ ittt D L D e it e e S adeind i dald |
| readgram() | readgram()

| 466: i in 1 .. lltablesize ==> PFA” 466: i in 1 .. lltablesize ==> FA™

LSE LSE

482: i in 1 .. llprodsize ==> FAL"
SE

482: i in 1 .. llprodsize =x> FAL~
SE

491: i in 1 .. llsynchsize =a> FA~
LSE

491: i in 1 .. llsynchsize ==z> PA"
LSE

11£ind ()
148: low /= high ==> FALSE 148: low /= high ==> FALSE

148: low /= high ==> PALSE 148: low /= high ==> PALSE
advance ()

200: (current_char = ascii.etx) or
(current_char = ascii.ht) or
(current_char = ’ ’) or (cur”
rent_char = ’'~') ==> FALSE

scan_pattern()

!
|
{
l
!
|
|
|
|
I
11find() |
|
l
|
|
1
125: start_of_line sa> FALSE |
1

}

1

[

|

**% MISMATCH ***

— d h e e e e e e e e A e e - o e = = - —

[}
]
]
'
[}
1
)
]
[}
]
]
[
[]
t
]
[)
]
)
[}
[}
)
[]
[
]
[]
[}
]
]
[]
t
[]
]
\
]
[]
]
t
[}
[}
t
[]
'
!
H
[]
]
'
[]
]
]
]
]
1
]
[}
4
]
]
]
]
]
1
[]
[]
]
]
t
]
]
1
]
'
[}
¢
)

| Numbexr of subtrees: 197 {
} Number of matches: 0 |
1 Number of mismatches: 197 i
| Quantitative level of commonality: 0.00 |
| Qualitative level of commonality: VERY LOW |
R e DL e e L L L P L P EE LT E L f
| Options: IGNORE MODULE NAMES IGNORE MODULE CALLS |

Figure 32-40. continued. CodeBreaker Program Comparison
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ACRONYMS AND ABBREVIATIONS

ACT Analysis of Complexity
ADADL Ada-based Design and Documentation Language
ADAMA Ada Measurement and Analysis Tool
ATA AdaTEST Analysis
ATH AdaTEST Harness
ATI AdaTEST Instrumentor
BAT Battlemap Analysis Tool
BMD Ballistic Missile Defense
BMDO Ballistic Missile Defense Organization
CASE Computer-aided Software Engineering
CRWG Computer Resources Working Group
DDTs Distributed Defect Tracking System
DFD Data Flow Diagram
DEC Digital Equipment Corporation
ESD Electronic Systems Division
GKS Graphical Kernel System
GPALS Global Protection Against Limited Strikes
IBM International Business Machines
IDA Institute for Defense Analyses
IEEE Institute for Electrical and Electronics Engineers, Inc.
LCSAJ Linear Code Sequence and Jump
LDRA Liverpool Data Research Associates
MALPAS Malvemn Program Analysis Suite

B-1




PDL
QA

StP

SDI
SPC
START
TBGEN
TCMON
TST

Us

Personal Computer

Program Design Language
Quality Assurance

Rome Air Development Center
Software through Pictures
Strategic Defense Initiative

Software Productivity Consortium
Structured Testing and Requirements Tool
Test Bed Generator

Test Coverage Monitor

Test Support Tool

United States

Vienna Development Method
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